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SHORT ABSTRACT 


45 normal and 45 EMR elementary school children, of whom 15 
normal and 15 EMR Ss received perceptual/attentional conservation 
training, were tested on 4 Piagetian conservation tasks (number, 
length, continuous quantity-solid and liquid) and two conservation 
violation tasks (number and length). EM and psychophysiological 
("Surprise reaction") data were collected from the point at which 
the transformation outcome became apparent, and verbal response 
data at completion of tasks and after 3 weeks. Comparisons were 
made between conservers and nonconservers, and between trained 
and untrained nonconservers. EM and "Surprise reaction" data 
clearly differentiated normal conservers and nonconservers, and 
to a lesser extent, EMR conservers and nonconservers. Trained and 
untrained nonconservers in both normal and EMR samples showed 
Similar but not as strong differences, while verbal response differ- 
ences were still apparent after 3 weeks. Conserver-nonconserver 
differences were discussed in terms of: Piaget's theroetical 
position, a "performance-competence" distinction and possible 


cognitive structural differences between normal and EMR children. 
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ABSTRACT 


The present study examined the possibility of accelerating 
intellectual development, as defined by Piaget in terms of conser- 
vation acquisition, in normal and EMR children. A rationale was 
developed for incorporating verbal responses, EMs and psycho- 
physiological ("Surprise reaction") data as indices of cognitive 
structural development. An attempt was also made to differentiate 


"competence" conservation responses using 


between "performance" and 
the above indices. 

Ninety elementary school children (45 normal and 45 EMR) were 
classified as conservers and nonconservers on the basis of number 
and length pretests. Half of the normal and half of the EMR non- 
conservers were given two perceptual/attentional training sessions. 
All Ss were presented with four conservation tasks (number, length, 
continuous quantity solid, and continuous quantity liquid) and two 
conservation violation items (number and length). The tasks were 
presented on 16mm. movie and with taped verbal instructions. . EMs 
and "Surprise reaction" data were recorded during the period 
immediately following the point at which the stimulus transformation 
outcome became apparent, whereas verbal response data were obtained 
at the completion of each task. Three weeks after the initial movie 
presentation, trained and untrained nonconservers were retested at 
their schools on the conservation tasks. 

EMs and “surprise reactions" clearly differentiated normal 


conservers and nonconservers (Study 1) and to a lesser extent EMR 
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conservers and nonconservers (Study 3). Similar although not as 
strong differences were obtained between trained and untrained non- 
conservers in both normal (Study 2) and EMR Ss (Study 4), 

It was concluded that EM and "Surprise reaction" data had 
provided useful evidence to supplement verbal response data in the 
assessment of cognitive structural development, and that training 
was effective with both normal and EMR Ss. The analyses of EM 
patterns in terms of general and centrative perceptual activity, 
and of "Surprise reactions", supported Piaget's position with regard 
to differences between conservers and nonconservers. The conserva- 
tion acceleration findings were supportive of previous investigations 
which have shown increases in intelligence test scores following 
special educational programs. The results were discussed in terms 
of a "performance-competence" distinction, and in terms of possible 


cognitive structural differences between normal and EMR children. 
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CHAPTER 1 


Introduction 


The present investigation was concerned with the effects of a 
specific training procedure on the intellectual development of EMR 
children, Piaget's (1947) theory of intelligence, specifically the 
acquisition of conservation, provided the focus. According to 
Piaget's theory, successful acceleration of the acquisition of 
conservation is indicative of an acceleration of intellectual devel- 
opment. The majority of studies in this area have used traditional 
intelligence tests based on interindividual comparisons as indices 
of intellectual development, and the results are difficult to inter- 
pret. Studies of changes in intellectual development in particular 
individuals appear to call for intraindividual comparisons, and since 
Piaget's theory is based on such comparisons (Elkind, 1969) and is 
concerned with the actual nature of the development of intelligence, 
it seemed a more promising approach. 

Piaget (1964a) has suggested several basic criteria which need 
to be considered in attempting to determine whether or not, training 
has resulted in cognitive structural changes. Three of these criteria 
which seemed of central importance, were permanence and generaliz- 
ability of behavioral changes, and the specification of the nature of 
cognitive structural changes. While several studies in this area 
appear to have successfully incorporated the first two of these 


criteria, attempts to use the third criterion have almost always been 
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restricted to inferences based on verbal data. 

The complex relationship between language and cognitive func- 
tioning has proven difficult to disentangle (Berlyne, 1965), and 
moreover, a number of researchers have tended to unjustifiably equate 
the two. Considerable disagreement has arisen regarding the effec- 
tiveness of various training procedures as evidenced by cognitive 
structural changes (Braine, 1962; Bruner, 1966a; Piaget, 1967), and 
most of this dissent seems attributable to the ambiguity of verbal 
data. Thus, what seems to be required are additional nonverbal data 
on cognitive structural changes. 

Although cognitive structural changes presumably have a 
neurophysiological and chemical basis, biochemical and neurological 
analyses of cortical tissue are quite impossible with present methods 
of analysis. Consequently, a study of ongoing psychophysiological 
functioning appears to be the most practicable approach for investi- 
gating the nature of cognitive structural changes. If distinct 
differences in psychophysiological activity are apparent at various 
stages of conservation development, these measures should provide 
useful evidence to supplement verbal data in the assessment of 
structural changes. Supplementary evidence of this nature should 
thus permit a more adequate evaluation of attempts to accelerate the 
acquisition of conservation. 

Quite clearly, some aspects of psychophysiological functioning 
are more useful than others. Within Piaget's theory, the development 


of cognitive structures are accompanied by a number of changes in 
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perceptual activity and attentional behavior. Consequently, psycho- 
physiological indices of perceptual activity and attentional behavior 
would seem to be likely sources of potentially useful data. Eye- 
movements (EMs) are one source of data which is closely related to 
attentional behavior and perceptual activity. In this connection, 
O'Bryan & Boersma (1970) have shown a variety of distinct differences 
between conservers and nonconservers in terms of EM patterns. It was 
predicted that similar differences would be obtained in the present 
study between normal or EMR conservers and nonconservers, and if 
training was effective, between trained and untrained nonconservers. 
Charlesworth (1962, 1964b, 1966) has obtained considerable 
Support for his contention that Ss who understand a rule or principle, 
will show surprise reactions when confronted with its apparent viola- 
tion, whereas Ss who do not understand the rule or principle will not. 
He maintains (Charlesworth, 1969) that his findings could have consid- 
erable significance for developmental psychology, since they may lead 
to the formulation of nonverbal estimates of cognitive structural 
development. Presumably, surprise reactions would most likely occur 
under the following conditions: when the relevant cues are attended 
to, when the relevant concept or principle is understood (i.e, the 
requisite cognitive structures are developed), and when prior 
expectancies regarding the outcome of the rule or principle in 
question are violated. Conversely it seems probable, that the occur- 
rence of a surprise reaction following a violation of conservation, 


is an indication that the cognitive structural changes which Piaget 
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(1947). claims accompany conservation acquisition, have taken place. 

Lewis & Goldberg (1969) have adopted a rationale similar to 
that of Charlesworth (1969). Moreover they have shown that several 
components of the orientation reaction (OR) are elicited in young 
children following the violation of an expectancy. It seems likely 
that the occurrence of an OR following the violation of an expectancy, 
reflects the Signi fi carioe of the violated relationship (level of 
cognitive structural development) for the Ss who show the OR (Lewis 
& Harwitz, 1969). 

A considerable amount of research evidence on the OR has 
accumulated in the USSR (Sokolov, 1958, 1963; Berlyne, 1960; Razran, 
1961; Lynn, 1966; Gray, 1966) and in the West (Graham & Clifton, 
1966; Maltzman, 1967; Reese & Lipsitt, 1970). On the basis of this 
research, GSR, hee activity and cardiac responses seem prom- 
ising indices for evaluating the effects of apparent violations of 
expectancies during conservation tasks. It was surmised that 
conservers would expect that quantities do not change following 
Spatial transformations, whereas nonconservers would expect that 
they do. Consequently, it was predicted that surprise reactions 
would be elicited by conservers, but not by nonconservers, in 
response to apparent violations of conservation. 

The possibility that there is a link between mental retardation 
and attentional problems has been recognized for many years (Crosby & 
Blatt, 1968). More recently, the work of Zeaman & House (1963) has 


underlined this possibility. A similar position has been adopted by 
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Luria (1963) who argued, on the basis of his research with Russian 
children, that an OR deficit is a definitive characteristic of 
"oligophrenia" or mental retardation. The likelihood of attentional 
problems in mentally retarded persons can also be derived from 
Piaget's theoretical position (Wohlwill, 1966). A number of studies 
(e.g., Inhelder, 1963; Woodward, 1963) have indicated that mentally 
retarded Ss, in comparison with normals, progress through Piagetian 
developmental stages in the same sequence, but at a much slower rate, 
and do not reach the level of formal operations. Within Piaget's 
(1947) theoretical scheme, the decentering of attention is a critical 
prerequisite for cognitive development. Thus, it seems highly prob- 
able that the relatively slow cognitive development of mentally 
retarded Ss may be a function of difficulties in attentional 
decentration. 

Gelman's (1969) research seems particularly relevant to the 
present investigation. She contended that nonconservers fail to 
conserve because they do not attend to relevant cues, and that train- 
ing can shape appropriate attentional behavior. If her training 
procedure can shape attentional behavior which is necessary for 
conservation acquisition, it should be particularly appropriate for 
mentally retarded Ss, and the major purpose of the present investi- 
gation involved an examination of this possibility. 

The present study thus involved an investigation of the extent 
to which cognitive structural changes can be assessed on the basis of 


verbal, EM and psychophysiological (surprise reaction) data, following 
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natural and accelerated conservation acquisition in EMR and normal 
children. If the acceleration of conservation acquisition as 
evidenced by cognitive structural changes can be accomplished in 
EMR children, it would appear within Piaget's theoretical framework, 
that the intellectual development of EMR children at this particular 


stage, can be accelerated. 
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CHAPTER 2 


Review of Literature 
Acceleration of Intellectual Development 


The possibility of accelerating the intellectual development 
of mentally retarded persons has been debated for many years. While 
a number of writers concerned with the education of the mentally 
retarded, have expressed degrees of optimism regarding this issue 
(Itard, 1806; Seguin, 1866; Montessori, 1912; and notably Binet, 
1909), a tion in. seect air of pessimism has also been apparent (Kirk, 
1964). This is probably attributable to factors such as the wide- 
spread belief in the concept of a fixed intelligence (Hunt, 1961, 
1969); the work of Goddard (1914), which seemed to imply that mental 
retardation Porlected the influence of unalterable penecie rectors, 
and Doll's (1941) widely accepted definition of mental retardation, 
which included and emphasized a criterion of essential incurability. 
While this issue seems to be of basic methodological importance for 
psychology, it is by no means esoteric. 

A recent study (Rosenthal & Jacobsen, 1968), has shown that a 
teacher's expectations regarding normal children's potential intel- 
lectual ability can have a profound effect upon their subsequent 
intellectual development. Similar expectations on the part of 
parents, teachers, employers and institutional personnel are also 
likely to have a powerful influence upon the cognitive development 


of mentally retarded children. If this is so, it is critical that 
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these expectations should be optimistic, thus tending to facilitate 
rather than impede their cognitive development. Unless optimistic 
expectations have solid scientific support however, they are unlikely 
to gain wider acceptance or to persist. Consequently, it seems 
important to find out whether or not the intellectual development of 
mentally retarded children can be accelerated by training or 
education. 

A number of studies have indicated significant gains in IQ 
test scores on the part of mentally retarded children, following their 
participation in special educational programs (e.g., Skeels & Dye, 
1939; Kirk, 1958; and Spicker, Hodges & McCandless, 1966). A number 
of complex sampling and methodological problems are involved in 
research of this nature, however (MacNemar, 1940). Furthermore, even 
when scores on the best available IQ tests (e.g., Stanford-Binet, 
WISC, etc.) are used as indices of intellectual development, several 
measurement difficulties arise; e.g., changes in the factorial struc- 
ture of tests at different age-levels (Guilford, 1967); the consider- 
able socioeconomic bias of test items (Elley, 1961), which is likely 
to be a highly potent confounding factor when undifferentiated EMR 
children are involved (McCandless, 1964); and most significantly, the 
wide array of definitions of intelligence which underlie current 


intelligence tests (Robinson & Robinson, 1965). 


What is Intelligence? 


The concept of intelligence has a long history (Peterson, 


1925), but the development of mental-testing by Galton, Cattell and 
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others in the late nineteenth century, probably marks the dawn of 
modern psychological theorizing with respect to intelligence. Most 
contemporary theoretical approaches to intelligence have emerged from 
various factor-analytic viewpoints (Goodenough, 1954), which can be 
classified into two broad groups. Firstly, intelligence has been 
interpreted as a general factor (process) which enters into all 
aspects of cognitive behavior. This view has tended to be most 
popular with British psychologists. The position was derived from 
the work of Spearman (1904) and has been revised and refined by Burt 
(1956) and Vernon (1961). A second approach, the multi-factor view, 
is based on the postulate that intelligence is the sum of a large 
number of specific abilities. This view was developed by Thorndike 
(1921) and later Kelley (1928), and has subsequently been expanded 
and reformulated by Thurstone (1938) and Guilford (1967). 

Despite the present statistical sophistication of general and 
multi-factor approaches in defining intelligence, they have tended to 
provide descriptions of children's performances on particular tasks 
which have been chosen at particular age-levels for pragmatic reasons, 
rather than because they constitute a part of any theoretical sequence 
of intellectual development. Consequently, although the measurement 
of intelligence can be undertaken with considerable reliability across 
a wide age range, the nature of the process of intelligence itself, 
and the way in which it changes across the developmental span, are 
still obscure. Clearly, such a state of affairs has tended to 


restrict examinations of intellectual development parameters, e.g., 
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the inconclusive findings on the much researched heredity - 


environment question (Anastasi, 1958; Jensen, 1969). 


Jean Piaget's View 


Since the early 1920's, Jean Piaget, a Swiss psychologist has 
been studying developmental changes in children's cognitive func- 
tioning. A large amount of data on these changes has been collected 
by Piaget and his collaborators, and in the many books and articles 
which have been published by them, a theory of intellectual develop- 
ment which has a number of affinities with the seminal notions of 
Binet & Simon (1908), has emerged. This theory has received consid- 
erable empirical support in recent years. While there are simi- 
larities between Piaget's view of intelligence and traditional 
psychometric approaches, there are also major differences. One such 
difference lies in the fact that psychometric approaches have been 
concerned with interindividual differences, whereas Piaget's view is 
most concerned with intraindividual differences (Elkind, 1969). 
Since attempts to accelerate the intellectual development of mentally- 
retarded children, are probably most’ concerned with intraindividual 
differences, Piaget's view seems a more appropriate theoretical 
basis for the present study. 

According to Piaget (1947), intelligence is an organized 
adaptive process which an individual manifests in striving to attain 
equilibrium between his behavior and the demands of his environment. 


The process is organized, in that intellectual acts are never isolated, 
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but are always related to the totality of the individual's adaptive 
behavioral repertoire. He distinguishes between two complementary 
processes which are involved in adaptation, viz., assimilation - 
which refers to the interpretation or manipulation of new environ- 
mental objects or events, on the basis of previously acquired 
responses or concepts; and accommodation - a process which arises 
when existing responses or concepts are inadequate, and the 
individual is motivated to acquire new cognitive or motor responses, 
to meet the demands of the situation. Because adaptation to 
environmental demands and organization of intellectual acts are 
functional characteristics of intellectual development which endure 
throughout the individual's lifetime, they are referred to as 
"functional invariants." The raw material of intellectual adaptation 
consists of the actions which are performed by the child. Initially 
these are slow and overt; but gradually they become internalized and 
increasingly abstract. A basic underlying assumption in Piaget's 
theory, is that the acquisition of new responses, reflects changes 
in the individual's mode of functioning. Piaget refers to such 
changes as "Structures," and it is specifically with the changes in 
these structures or "schemata," as a function of cognitive develop- 
ment, that Piaget and his followers are most concerned. 

In discussing the parameters of intellectual development, 
Piaget (1964a) avoids the traditional heredity-environment issue. He 
argues that four factors operating in combination are important for 
the development of intelligence, viz., maturation, experience 


(physical environmental experience), social transmission (linguistic 
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transmission, education, etc.), and "equilibration" (self regulation 
of the first three factors). Furthermore, Piaget argues that none of 
these factors are sufficient in themselves. 

At birth and during infancy, i.e., until approximately two 
years of age, the child is said to be functioning at the sensori-motor 
level of intellectual development. With subsequent development, 
sensori-motor schemata become gradually co-ordinated and progressively 
internalized to form cognitive structures, which in turn gradually 
become organized into increasingly complex and integrated systems of 
actions known as "operations." This period of development, which is 
known as the preoperational stage, normally lasts from approximately 
two to seven years of age. During the preoperational stage, opera- 
tions have not yet acquired "reversibility," and as a consequence, 
concepts of conservation or invariance of quantities, are lacking. 

One of the most significant features of this period, is the fact that 
during this time, the child begins to use language. The development 
of operations continues during the period from seven to approximately 
eleven years of age, i.e., during the period of concrete operations. 
During this time, the child develops the ability to carry out simple 
logical operations on actual concrete objects. But it is not until 
the child has reached the stage of formal operations, roughly from 
eleven to twelve years of age and upwards, that abstract propositional 
reasoning becomes possible. 

The gradual development of operations during intellectual 


development, is also reflected in a number of changes in attention 
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behavior (Piaget, 1947, 1959). Initially, attention is centered on 
one member of a class, or on one dimension of a stimulus at a time. 
Gradually however, because of operational development, the child 
becomes able to perceive and simultaneously to attend and accommodate 
to several characteristics of the stimulus situation. At this stage, 
the child's operations have acquired reversibility, and he is able to 
understand, e.g., that spatially transformed objects can be restored 


to their original forms, 


Conservation Acquisition 


The acquisition of the principle of invariance or conservation, 
i.e., the realization that quantities remain invariant despite any 
spatial transformations they may undergo, has been extensively dis- 
cussed by Piaget and his collaborators (e.g., Piaget, 1947; Piaget & 
Szeminska, 1941; Piaget & Inhelder, 1962, 1966). He regards the 
acquisition of this principle as a significant indicator of intel- 
lectual development (Piaget, 1964a, p. 9), and a reflection of the 
transition from preoperational to concrete operational. thinking. 
Consequently, within this view of intellectual development, if a 
particular teaching strategy results in "successful" acceleration of 
conservation, the aedeubi at. 1onieridneal le ctyatodevetopment may be 
presumed, However, can conservation acquisition really be acceler- 
ated? Although there is much research which seems to indicate that 
this is possible, there is an enduring controversy regarding the 


nature of the conservation principle (Gruen, 1966), and this research 
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has received a somewhat mixed reception (e.g., Bruner, 1966a; Piaget, 
1967 es 

Piaget (1962) maintains that nonconservation is the surest 
evidence of preoperational thinking, and that the nonconserving child 
is reasoning from configurations, i.e., estimating quantity from the 
most salient perceptual cues which are very often unrelated to 
quantity. Furthermore, he argues (Piaget, 1963a, pp. 80-81) that the 
nonconserver's reasoning lacks reversibility, and hence he is able to 
reason only about states of stimuli at any given time, and not about 
their transformations. Piaget maintains that this arises, because 
the child at this level centrates on these salient perceptual 
characteristics, and is not able to decenter to other less salient, 
but more significant and relevant cues. 

The transition from nonconservation to conservation according 
to Piaget (1947, 1959), follows three broad stages. Initially, 
attention is focussed on, and reasoning is based on, changes in a 
Single dimension, or in the general shape of the array. Later, 
attention shifts to, and reasoning is based on, changes in the. 
complementary dimension, and finally systematic scanning of both 
dimensions, together with an understanding of the principles of 
compensation, reversibility, and identity, becomes apparent. 

Some variation is apparent with respect to the average ages 
at which particular concepts are attained (e.g., conservation of 
number -- 6% to 7 years; conservation of length -- 7 to 8 years; 


conservation of continuous quantity (solids and liquids -- 7 to 8 
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years; and conservation of volume -- 11 to 12 years). Piaget (1955) 
has described this variation in the ages at which various task 
solutions apparently mediated by the same cognitive structures take 
place. He refers to this variation as "decalages horizontales" 
(horizontal differentials), but as Wohlwill (1966) observes, this 
notion is essentially of the ad hoc variety and has not yet been 
adequately incorporated into Piaget's general theoretical position. 

An alternative point of view on the development of conserva- 
tion has been offered by Bruner (1964, 1966a), who describes the 
course of cognitive growth in terms of the gradual acquisition of 
three systems of representation. In early childhood, where objects 
and events are defined in terms of actions taken towards them, 
representation is said to be enactive. Later ikonic representation, 
a system based on perceptual organization, becomes available, and 
finally symbolic representation, i.e., words and language is attained. 
The conservation problems involve several abstract concepts, e.g., 
more, same, less, etc., and thus require rather more than perceptual 
organization. Consequently, from Bruner's point of view, it is only 
when the child is able to extend beyond ikonic representation, that 
he is able to solve these problems. Presumably, whether or not a 
child will be able to solve the conservation problems, will depend 
on his particular level of language development. 

Several other interpretations of conservation acquisition have 
been proposed. Wohlwill (1962) has suggested from a developmental 


position, that the transition from perception to conception is 
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characterized by an increasing tolerance for irrelevant information, 
which enables a child who has completed this transition, to solve 
conservation problems. Staats & Staats (1963) from a mediational 

S-R point of view, have emphasized the conditioning of appropriate 
object-verbal response pairings and Watson (1967) has presented 
similar arguments from a Skinnerian non-mediational S-R point of view. 
Berlyne (1965) has presented a Hullian analysis of conservation 
acquisition, in which the necessity for the development of trans- 
formational habit-family hierarchies is given maximum emphasis. It 
seems apparent that the emphases in particular strategies designed to 
accelerate the acquisition of conservation will vary according to the 


particular theoretical position which is adopted. 
Conservation Acceleration Attempts and Their Evaluation 


A large body of research has accumulated since Flavell's 
cautious 1963 review, which seems to support the contention that the 
acquisition of conservation of number, length, and continuous quantity 
(solid and liquid) can be accelerated through training. Of these, 
Winer (1968) and Wallace (1968) e.g., reported successful acceleration 
of number conservation. Gruen (1965) and Kingsley & Hall (1967) e.g., 
achieved similar results with length conservation. Sigel, Hooper & 
Roeper (1966), Lefrancois (1966) and Towler (1967) claimed to have 
accelerated conservation of continuous quantities. Gelman (1969) 
reported successful acceleration of number, length and continuous 
quantity conservation in five year old children as a function of a 


Single training program. 
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Notwithstanding these results however, Piaget and his 
followers have argued that apparently successful training results 
maybe, and likely are, misleading, in that in many cases what has 
probably eventuated is a "pseudo-conservation response" (cf., 
Inhelder, Bovet, Sinclair & Smock, 1966; Piaget, 1967). Piaget has 
drawn a careful distinction between "pseudo" and "true" conservation. 
A child may be able to answer conservation questions correctly, and 
still not be a "true" conserver in Piaget's sense of the term 
(Piaget, 1964b, p. 25). He argued that it is necessary to establish 
that a child has the necessary logical structures, e.g., reversibility, 
compensation, etc., before he is described as a "true" conserver. A 
Similar point of view has been developed by Smedslund (1961). 

Bruner (1964, 1966a, 1966b, 1966c), on the other hand, is 
primarily interested in finding out whether or not the child has the 
ability "to recognize invariance of magnitude across transformations 
in the appearance of things" (1966b, p. 13). He suspects that a child 
may have the necessary symbolic representation (words and language) to 
handle conservation problems, but may be misled by irrelevant percep- 
tual cues. This point of view is consistent with that of Braine 
(1959). Braine maintained that the five year old child may have 
reached the stage of cognitive development which is necessary to 
handle conservation problems, but may be unable to demonstrate evi- 
dence of this development because he cannot determine the precise 
meaning of the experimenter's question. Braine suspects that the 
child who shows the usual patterns of language acquisition and usage, 


will rarely be able to do this before the age of seven years. 
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It is noticeable that while Braine (1959) and Bruner (1966a), 
using modified Piagetian assessment techniques, have both estimated 
that conservation behavior begins at approximately five years of age, 
it has been consistently located around the seven year age-level by 
Piaget and his followers. As Gruen (1966) has observed, these 
differences essentially involve neither age-norms nor assessment 
procedures, but rather seem to arise out of different definitions of 
the term "conservation." The position of Piaget and his followers 
involves a series of qualitative distinctions between examples of 
cognitive behavior, based on the presence or absence of other 
behavior, and these distinctions may or may not be useful. Since 
the concept has arisen out of Piaget's theoretical framework however, 
and since the present investigation was within this framework, 
Piaget's definitional criteria seemed most meaningful for the present 
study. 

Piaget (1964a) has enumerated several criteria which may be 
used to evaluate training procedures and assess cognitive structural 
change. These are: durability or retention - the relative permanence 
of any changes which occur; generalizability or transfer - the extent 
to which training generalizes to new situations; and specification of 
structural-changes - specification of the nature of cognitive struc- 
tural changes which have occurred as a result of training. 

One of the most successful of the various methods which have 
been employed to accelerate conservation acquisition, was developed 


by Gelman (1969). Her method was based on the premise that five-year 
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old children fail to conserve primarily because they are attending and 
responding, to task-irrelevant cues. The method, which was developed 
from Trabasso & Bower's (1968) theory of learning of relevant- 
redundant cues, utilized a series of oddity learning problems in which 
number and length were relevant cues on alternate problems. On this 
basis, a set to respond to number cues on number problems, and to 
length cues on length problems, was developed. Almost all of the 
five-year old Ss acquired conservation of number and length, and over 
60% showed conservation of quantity (solid and liquid) on subsequent 
transfer tasks. Furthermore, very little "fade" was evident in these 
results over a three-week retention test interval. A pilot study 
undertaken by the present investigator, has indicated that the method 
is effective with EMR Ss. 

The use of Gelman's (1969) method in the present context, 
seemed indicated for several reasons. It seemed to be the most 
successful of those published to date in terms of results attained, 
according to Piaget's criteria of permanence and generalizability. 
Furthermore, the method was based on the assumption that in order for 
a nonconserving child to become a conserver, some modification in 
attentional behavior is required. In view of the central place of 
decentration i.e., the shifting of the concentration of attention, 
in Piaget's (1947) view of cognitive development, such an assumption 
appeared sound. Furthermore, this consideration seemed particularly 
pertinent with respect to mentally retarded Ss. 

Most comparative studies of learning indicate that mentally- 


retarded Ss require more trials to learn a task than do normal Ss of 
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equivalent CA or MA (Lipman, 1963; Denny, 1964; Baumeister, 1967). 
Among the various theoretical attempts which have been made to explain 
this difference (Zigler, 1966), the notion that attentional difficul- 
ties may play a significant role has received considerable emphasis 
and much empirical support. Furthermore, such a notion is not new. 
The idea seems to have been implied in the emphasis given to sense- 
training by Itard (1806), Seguin (1866), Decroly (Descoeudres, 1928), 
Montessori (1912), and others, in their educational programs for the 
mentally-retarded. Kuhlmann (1904), stated the notion explicitly 
following a series of discrimination learning studies with mentally- 
retarded children. Subsequently, similar proposals have been made by 
Strauss & Werner (1941), Lindsley (1957), O'Connor & Hermelin (1963), 
Luria (1963), and Zeaman & House (1963). Consequently, if Gelman's 
procedure really does achieve a modification of attention behavior, 
as was claimed, it seemed very likely that the procedure would be 
successful (effective) with EMR children. This possibility is by no 
means inconsistent with Piaget's theoretical position, a point which 
Wohlwill (1966) has noted. 

A number of findings are available which suggest that mentally 
retarded persons show similar progressions in the acquisition of 
operations to those of normals (Woodward, 1959, 1963; Hood, 1962; 
Inhelder, 1963), although the respective developmental stages were 
reached at later chronological age levels and the mentally retarded 
do not reach the formal operational stage. To the author's knowledge 


however, only one examination has been made of conservation 
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acceleration with mentally-retarded children. Here, Brison and 
Bereiter (1967), attempted to accelerate conservation of volume and 
substance, but it is difficult to evaluate the results. Although 
Piaget's criteria were used in defining pretraining rnonconservers, 
they were not used to define conservers following training. Training 
effects were evaluated using frequency of conservation responses 
(“same" - following transformation) on conservation posttest tasks. 
Although no differences between normals, gifted and educable mentally 
retarded (EMR) children, in terms of frequency of conservation 
reponses were found, either on posttest or transfer (within same 
dimension) tasks, it is possible, and indeed likely that substantial 
intergroup posttraining differences may have existed. Some empirical 
support for this contention was provided by the authors, in that EMR 
Ss did show a eer but significant trend in the direction of more 
rapid extinction of conservation responses following the presentation 
of evidence which apparently conflicted with the invariance 
(conservation) principle. Quite clearly, a rather more detailed 


investigation of this issue was required. 
The Structural Change Problem 


In order to make assessments of structural changes on the basis 
of Piaget's third criterion, data on such changes need to be obtained. 
Verbal responses (i.e., changes in word meanings, language patterns, 
etc.) have been the traditional source of this data. The relationship 


between language and cognitive functioning however, has proven 
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extremely difficult to unravel (Vygotsky, 1956; Piaget, 1959; Berlyne, 
1965, 1970b; Furth, 1966). At the same time, verbal behavior seems to 
be highly responsive to experimenter cuing (Rosenthal, 1966, Kingsley 
& Hall, 1968), and some recent Russian research suggests that language 
and thinking are differentially related in mentally retarded and 
normal children (Shif, 1969). 

Consequently, it would appear that some data in addition to 
changes in verbal behavior are required, if less equivocal evidence of 
structural changes is to be obtained. Psychophysiological responses 
appear to be one possible source of such additional data, and one 
probably less responsive than verbal data, to experimenter cuing 
(O'Bryan & Boersma, 1970). Although biochemical and neurological 
analyses of brain cell structures would undoubtedly provide valuable 
data in this respect, a point which has been discussed by Piaget 
(1949, 1969), its use given existing methods, is not possible. 
Furthermore, since Piaget's usage of the term "Structure" implies a 
continually modifying entity, there seems to be good reason to suppose 
that an examination of changes in ongoing central nervous system 
activity is a prudent starting place. 

A large array of psychophysiological activity is available, 
and clearly some selection has to be made. Russian and Western 
research in this area had indicated several variables which seemed 
promising indicators of cognitive activity, viz., exploratory eye- 
movements (EMs), galvanic skin response (GSR), vaso-motor activity 


and heart rate (Berlyne, 1960, 1963, 1970a; Lynn, 1966; Creelman, 1966; 
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1966; Gray, 1966; Graham & Clifton, 1966; Reese and Lipsitt, 1970). 
While Piaget's work is well known in the USSR, particularly his 
earlier studies of language development (Vygotsky, 1956; Elkonin, 
1968; Luria, 1968; Sokolov, 1968), and although the psycho- 
physiological methods used by Soviet researchers seem admirably 
suited for investigations into some of the questions which arise 
from Piaget's theoretical position (Wright, 1963; Jeffery, 1968), 
to the author's knowledge no such research has yet been reported. 
According to Piaget's theoretical scheme a decrease in percep- 
tual and cognitive centration is a critical prerequisite for the 
transition from preoperational to operational thinking. Consequently, 
Since there should be substantial differences in the cognitive func- 
tioning of conserving and nonconserving children, differential 
perceptual activity should be evident. This possibility was confirmed 
in a recent study in which corneally-reflected EMs were used as 
indices of perceptual activities (O'Bryan & Boersma, 1970).. A further 
possible source of relevant physiological data, arises from a sugges- 
tion made by Charlesworth (1964a, 1969), viz., that when confronted 
with an apparent violation of a concept, law or principle, a child 
who has really acquired the relationship in question, would show more 
evidence of surprise, than a child who has not. Some empirical 
support for the use of surprise-reactions as indices of cognitive 
structural development, has been obtained (Charlesworth, 1962, 1964b, 
1966), and their use as supplementary nonverbal indices of cognitive 


structural development in relation to conservation acquisition, seems 


promising. 
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In recent years, a large amount of Russian and Western psycho- 
physiological research has been directed at a complex of physiological 
reactions, known collectively as the "orientation reaction," or OR 
(Sokolov, 1958; Berlyne, 1960, 1963;;.Razran, 1961; Lynn,,19663 Gray, 
1966; Graham & Clifton, 1966; Reese & Lipsitt, 1970). A priori there 
would seem to be much in common between the concept of surprise 
reactions and that of the OR. Both involve centrally determined 
reactions to stimulus change, and both should occur, as Charlesworth 
(1969) argues, following a discrepancy between predicted (expected) 
and actual sensory input (Berlyne, 1960, 1967; Sokolov, 1958). Lewis 
& Harwitz (1969) maintain that the differential occurrence of 
orientation reactions closely reflects the cognitive salience (level 
of cognitive structural development) which environmental dimensions 
(concepts) or agen ts involving dimensions have for particular 
organisms. Some evidence (Lewis & Goldberg, 1969) has been presented 
which strongly indicates that components of the orientation reaction 
are elicited in young children, following the violation of an 
expectancy. Consequently, there would seem to be considerable justi- 
fication in using a combination of well established components of the 
orientation reaction as a psychophysiological index of surprise. 

In order for a discrepancy between predicted and (expected) 
and actual sensory input to arise, some expectation will need to have 
developed on the basis of past experience. Presumably, with 
conservers, the expectancy which has developed is that quantities do 


not change following spatial transformations. On the other hand, by 
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definition no such expectancy should occur in nonconservers. Thus if 
cognitive activity in conserving and nonconserving children is 
qualitatively different, there should be significant differences 
between the surprise reactions of each group following apparent 
violations of the conservation principle. 

In summary, the following considerations seem pertinent to the 
present investigation. Firstly, within Piaget's theory, intellectual 
development is mirrored by a number of substantial changes in atten- 
tional behavior with a resulting trend towards decentration of 
thinking. Secondly, a number of studies have documented the slower 
rate of cognitive development of mentally retarded persons with 
respect to Piagetian stages (e.g., Inhelder, 1962; Woodward, 1962). 
The association of attentional difficulties with mentally retarded 
persons has had a long history outside of the Piagetian theoretical 
framework (Crosby & Blatt, 1968), and since attentional behavioral 
change is a critical component of cognitive development within 
Piaget's scheme, it seems highly likely that attentional difficulties 
are strongly related to the slower rate of cognitive development in 
the mentally retarded. 

Gelman's (1969) training program is based on the contention 
that for nonconservers to become conservers, modifications in atten- 
tional behavior in the direction of maximum attention to task relevant 
cues needs to be produced. If modifications of this nature are 
possible, and from a Piagetian theoretical position this is by no 


means unlikely (Wohlwill, 1966), a training program of this nature 
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should be highly effective with mentally retarded as well as normal 
children. Furthermore, if such modifications in attentional behavior 
can be produced, they would seem to be strongly supportive evidence 
of cognitive structural changes, in view of the critical relationship 
between attentional changes and cognitive development. Perceptual 
activity and surprise reactions appear to offer a promising source 

of data on this question and should provide a valuable supplement to 
verbal data for assessing cognitive structural changes. The use of 
these measures should thus permit a more adequate examination of the 
possibility of accelerating conservation acquisition in EMR and normal 
children. If conservation acquisition can be accelerated in EMR 
children, within Piaget's (1947) theoretical framework it would 
appear that the intellectual development of such children can be 


accelerated. 
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CHAPTER 3 


Rationale, Postulates and Hypotheses 
Rationale 


The emergence of Piaget's theory of intellectual development 
has permitted a new approach to the study of an old problem, viz., 
whether or not the intellectual development of mentally retarded 
persons can be accelerated by training or education. Moreover, a 
number of attempts to accelerate the acquisition of the principle of 
conservation (an event which Piaget claims closely reflects intel- 
lectual development) with normal children, and one study with EMR 
children, appear to have had some success, 

However, because of the differential criteria which have been 
used, both in adéining conservation and in evaluating the effective- 
ness of training, a large amount of controversy still clouds the 
issue. Since Piaget's theory provides the rationale for the principle 
of conservation classification in relation to intellectual development, 
it seemed most meaningful to use his criteria for defining conservation 
and for evaluating training within the present context. 

While two of Piaget's criteria for examining ce effectiveness 
of training in inducing cognitive structural changes (permanence and 
generalizability of behavioral changes) do not seem to present major 
methodological problems, a third (specification of cognitive struc- 
tural changes) has proved to be extremely difficult to investigate. 


Most previous studies in this area have used verbal response changes 
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as data on the third criterion. Language and thought are complexly 
related however (Berlyne, 1965) and there seemed to be a need for 
supplementary data to reduce the apparent ambiguity of verbal evi- 
dence. Centrally determined psychophysiological responses appear to 
be a promising source of such supplementary data. A wide array of 
psychophysiological responses have been identified as components of 
the orientation reaction and of these, exploratory EMs, GSR, vaso- 
motor activity and heart rate changes seem to be important. The 
exploratory EMs of conserving and nonconserving Ss have already been 
shown to differ significantly (O'Bryan & Boersma, 1970). Moreover, 
it seems reasonable to expect that Ss who have acquired conservation 
would show more evidence of surprise reactions (changes in psycho- 
physiological activity) , following presentation of apparent violations 
of the conservation principle. 

Consequently, it seems feasible that a study which incorporates 
changes in the above aspects of psychophysiological functioning as 
supplementary evidence of cognitive structural changes, should permit 
a more adequate evaluation of any attempts to accelerate the intel- 
lectual development of EMR children, especially within Piaget's 


theroetical framework. 
Specific Objectives 


An attempt was made, using Piaget's definitional and training 
criteria, to examine the possibility of accelerating conservation 


acquisition in EMR children. Before this could be undertaken however, 
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an adequate examination of this possibility as it related to normal 
children, as well as clear evidence of cognitive structural differ- 
ences between natural (untrained) conservers and nonconservers, in 
both normal and EMR populations, seemed to be required. Data on 
normal children seemed to be necessary because certain specific prob- 
lems are likely to be associated with the OR in mentally retarded 
children. Luria (1963) speaks of an OR deficit as a characteristic 
of the mentally retarded child, and although USSR classifications are 
based primarily on physiological rather than psychometric data, there 
is sufficient similarity between Luria's claim and several Western 
points of view, to indicate the need for a cautious approach in this 
area (cf., House & Zeaman, 1963; O'Connor & Hermelin, 1963). 

Therefore, before examining the question of whether or not the 
acquisition of conservation in mentally retarded children could be 
accelerated by training, several areas required investigation. An 
examination needed to be made of the conserver/nonconserver dichotomy 
in normal and EMR children and of the effectiveness of a. conservation 
acceleration procedure, in terms of cognitive structural differences 
in normal children. These investigations were undertaken using 
estimates of general and centrative perceptual activity and surprise 
reactions, during the solution of conservation and "apparent 
conservation violation" tasks. 

The term "general perceptual activity" was used to describe 
the level of activity of perceptual behavior. Piaget (1947) maintains 


that this activity tends to increase with age and it seems likely that 
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conservers and nonconservers would show differential activity levels. 
General perceptual activity was examined through between group 
analyses of frequency and duration of eye-movement shifts. 
"Centrative perceptual activity" refers to a trend described 
by Piaget (1947), whereby perceptual and cognitive activity become 
"decentered" and with the onset of operational thinking (indicated 
by the acquisition of conservation) are no longer "centered" on 
particular states or dimensions of stimuli. It was thus expected 
that conservers and nonconservers would show marked differences with 
respect to this trend. Centrative perceptual activity was described 
in terms of within group analyses of the ratios of transformed 
element-directed and nontransformed element-directed EM activity. 
"Surprise reactions" were defined in terms of OR components 
(Charlesworth, 1969) as the simultaneous occurrence of a GSR con- 
ductance increase, a cephalic blood volume increase and a decrease 
in heart-rate. It was expected that following apparent violations of 
conservation, conservers would show surprise reactions, whereas non- 
conservers would not. Between group comparisons of surprise reactions 
and verbal responses, and within group analyses of EM activity were 
made following apparent violations of conservation. 
The present study was thus designed to investigate: 
Ls the usefulness of general and centrative perceptual activity 
and surprise reactions in conjunction with verbal response 
data for assessing the nature of cognitive structural 


differences between normal conservers and normal nonconservers 


(STUDY 1); 
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the effectiveness of a conservation acceleration training 
procedure adopting Piaget's training criteria and using 
general and centrative perceptual activity and surprise 
reactions in conjunction with verbal data for assessing 

the nature of cognitive structural differences between 
trained normal nonconservers and normal nonconservers 
(STUDY 2) ; 

the usefulness of general and centrative perceptual activity 
and surprise reactions in conjunction with verbal data for 
assessing the nature of cognitive structural differences 
between EMR conservers and EMR nonconservers (STUDY 3); and 
the effectiveness of a conservation acceleration training 
procedure adopting Piaget's training criteria and using 
general and perceptual activity and surprise reactions in 
conjunction with verbal data, for assessing the nature of 
cognitive structural differences between trained EMR non- 
conservers and EMR nonconservers. 


The fourth study was however the prime concern of the present 


investigation, and should result in a more adequate examination of the 


feasibility of accelerating intellectual development in EMR children, 


than has heretofore been attempted. 


Definitions 


Conservation 


Element. - one of the two components (row of counters, stick, 


beaker of water, etc.) of a conservation task. 


painis1t soljevelsoos noitsyxeeneo s 20 ai 
eakeu bos wisest unintext _a'atoni entice oe 
eelxquue bas ytividos Isutqeox199 eiaesane0 Bas tare 
eniensses sof adab Isdisy ditw solsonyteo ai Ct GARMIN: . Gripe 
neues egonexsthib Inwwioisxte avitinpoo 2o student ond. we 
axsvreenoonon fserron bas axsvxsencoAon. Leprios: eek 

+(S YOUA) Pra 

Wivisos Léudqsoseq evisexIns0 bis Lexonep to eagnioteay oct : 
102 stab ine mtiw nottoautnos nt anoLd°Bsa obixqiue brs wd 
aeonetsitib Lewdouxte evitinpoo io siuden od} prteassen | aaa 


‘bas ,(€ yapra) exevzsenooson SMa bas exsvisenes AMA nsewsed “s 7 
priate moltsxeleoos noltsvigenos a to sable lsGORee 
pates brs sixeyixs RAaREEESS 2 ‘$opsid pnizgobs a - 


‘me gnottosex eelzquue Sas yiivitos Isuiqsoreg bas nan 


to owen ont pateeoess tot ,sish Ladyev- atchiw moLsor 

non aa, paminss seswied ssonstetitb [sistouize nia 
ah at a SMS Bae 

doeseug elt Ro mrsonon aiming oct sevewod esw yBude sows 
orl? to moltsnimexe eisupebs 910m 6 mt aati Bien Ua 
vaetblido ama ni brates eit. nian 


Centration. - the centering of attention on a particular 
stimulus element. 

Decentration. - the equal displacement of attention about 
the stimulus elements, 

Transformed element (TE). - the particular element of the 
stimulus which is changed by the experimenter 
during a conservation task, in contrast to the 
nontransformed stimulus element (NTE). 

Greater element (GE). - the particular element of a stimulus 
array in a conservation task, which following 
stimulus transformation, is reported by aS 
(nonconserver) to be greater in quantity, 
length or amount, than the lesser element (LE). 

Logical conservation response (LR). - a verbal response to 
any specified conservation problem in which a 
logical justification of the type described 
by Piaget (1947) is included. 

Intuitive conservation response (IR). - a verbal response to 
any specified conservation problem in onic an 
intuitive justification of the type described 
by Piaget (1947) is included. 

Nonconservation response (NCR). - a verbal response to any 
specified conservation problem which fails to 
meet the criteria for logical or intuitive 
conservation responses. 


Task I. - the filmed or actual presentation of number 
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and length conservation problems. These 
problems were used for pretests, and laboratory 
and retention tests, 

TaSK ie the filmed or actual presentation of solid 
and liquid continuous quantity conservation 
problems. 

Task III. - the filmed number and length conservation 
violation problems, 

Periods 

Pre-Film Period (PFP). - the 5 second period immediately 
preceding the presentation of the movie. 

Stimulus Transformation Period. - the period of time varying 
from 7.0 seconds to 13.5 seconds during which 
the filmed stimulus transformation was presented. 

Transformation Outcome Period (TOP). - the period of time vary- 
ing from 6.5 seconds to 9.0 seconds from the 
point at which the outcome of the stimulus 
transformation becomes visible, until 5 seconds 
after the completion of the transformation. 

This period varied with tasks, but was constant 
across subjects. 

Decision Period. - the period of time from the onset of TOP to 
the S's decision response to a particular 
conservation or conservation violation problem. 
The stimulus transformation outcome was visible 


during this period, 
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Eye Movement Data 

Fixation, - one or more succesSive corneal reflections, 
recorded at a rate of 10 frames per second, 
within the same circular area subtended by 
15 minutes of arc in the stimulus field. 
Specifically, the point on which the S 
concentrates his gaze for a minimum period 
of one-tenth of a second while EMs are being 
recorded. 

Run. - two or more consecutive fixations of at least 
one-tenth second duration, exclusively on one 
or the other stimulus elements. 

Shift. - a movement in fixation from one point to 

| another which is greater than the diameter of 
a circle subtended by 15 minutes of arc. 

Coupling. - a shift in fixation from one stimulus element 
to the other, i.e., where a comparison is 
going on between the elements. 

First 30 Frames (3 seconds). - the first 30 frames of EM data 
recorded at the rate of 10 frames per second, 
on any task. 


Psychophysiological Measures 
Log Conductance Units. - a natural logarithmic transformation 


of the reciprocal of the skin resistance value 


at the point of electrode attachment. 
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Conductance Level (CL). - any point on the GSR record (See 
Figure 1). 

Conductance Change (CC). - a continuous rise in CL expressed 
as the difference between onset CL and peak CL. 

GSR Onset. - that point during the TOP on the GSR record at 
which the greatest CC commences (See Figure l). 

GSR Peak. - that point on the GSR record at which the peak 
of the greatest CC is reached (See Figure 1). 

Plethysmograph Baseline. - an arbitrary baseline on the 
plethysmograph record which yielded positive 
BV readings only. 

Blood Volume (BV). - an approximate relative index of the 
amount of blood at the systolic peak in the 
surface blood vessels at the mounting point 
of the photo=-plethysmograph transducer 
defined as mean BV reading in mm. from the 
baseline to the systolic peak (See Figure 1), 
during a specified time interval (Brown, 

1967 $.%p,..64)% 

Blood Volume Pulse (BVP). - an approximate relative index of 
amount of continuous change in blood flow in 
the surface blood vessels at the point of trans- 
ducer mounting (Lader, 1967, p. 165) defined as 
the mean BVP reading in mm. from the diastolic 
trough to the systolic peak (See Figure 1) during 


a specified time interval (Brown, 1967, p. 64). 
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Heart Rate (HR). - the frequency of heart beats during any 
specified time interval. This estimate was 
obtained from the photo-electric plethysmograph 
output by counting the number of systolic peaks 
during the specified time interval. 

Surprise reaction. - There appeared to be considerable justification 
for using OR components as indices of surprise reactions (Charlesworth, 
1969). At the same time, the OR is usually defined (e.g., Reese & 
Lipsett, 1970) as a complex of motor and psychophysiological responses 
which occur together during a specified time interval. Consequently, 
any Single motor or psychophysiological response measure would prob- 
ably not be an adequate OR index, and some combination of measures 
seemed necessary. The GSR, vasodilation, and heart-rate components 
appeared to be well documented (e.g., Sokolov, 1958; Berlyne;. 1960; 
Lynn, 1966; Gray, 1966; Graham & Clifton, 1966) and seemed appropriate 
for the present investigation. On this basis, the following defi- 
nition of a surprise reaction was formulated in terms of OR components: 

A surprise reaction shall be defined as the simultaneous: 

occurrence during TOP, of a GSR conductance change, a 

positive mean BV change and a negative mean heart rate 


difference. 


Dependent Variables 


Performance data 


Latency to decision. - the time in seconds, between the onset 


of TOP and the S's decision relative to the 
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particular task. 

Frequency of unscorable frames. - the summated total of one 
tenth second frames of EM data, which because 
of eye-blinks, head-movements or fixations on 
nonstimulus material, were not scorable. 

Percentage of logical conservation responses. = the 
percentage of logical conservation responses 


obtained on Tasks I and II. 


Eye Movements 

Frequency of couplings. - the total number of couplings 
observed during Tasks I, II or III, during the 
specified time interval. 

Frequency of runs. - the total number of runs made on the TE, 
NTE, or over both (total) elements, during the 
specified time interval. 

Frequency of fixations. - the total number of shifts in 
fixation plus one fixation on TE, NTE or over 
both (total) elements, during the specified 
time interval. 

Mean length of run. - the ratio of the summated number of 
one=tenth second fixation points, in all runs, 
to the summated number of runs made on the TE, 
NTE or over both (total) elements during the 


specified time interval. 
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Mean length of fixation. - the ratio of the summated number of 
one-tenth second fixation points, to the summated 
total number of fixations, on the TE, NTE or over 
both (total) during the specified time interval. 

Examination time. - the summated total number of one-tenth 
second fixation points, on either the TE or the 
NTE, during the specified time interval. 

Psychophysiological Measures 

Pre-film conductance level. - the average minimum conductance 
level during the PFP expressed in log conductance 
units. 

Maximum conductance change. - the greatest change in CL during 
TOP, expressed as the difference in log conduc- 
tance units between CL at GSR onset, and CL at 
GSR peak. 

Conductance difference. - the difference between the pre-film 
CL and the maximum CL during TOP, expressed in 
log conductance units. 

Latency to GSR onset. - the time in seconds from the beginning 
of TOP and the GSR onset. 

Latency to GSR peak. - the time in seconds from the beginning 
of TOP and the GSR peak. 

Mean blood volume (BV) change. - the difference between the 
mean of the single BV readings during PFP and 
TOP, expressed as a percentage of the mean PFP 


reading. 
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Mean blood volume pulse (BVP) change. - the difference between 
the means of the single BVP readings during PFP and 
and TOP, expressed as a percentage of the mean 
PFP reading. 

Mean heart rate (HR) difference. - the mean difference in 
beats per minute, between HR during the PFP and 
that observed during the TOP. 

Percentage of surprise reactions. - the percentage of surprise 
reactions obtained during TOP on number and 


length violation items. 
Theoretical Postulates and Experimental Hypotheses 


Piaget (1947) has argued that whereas operational thought is 
decentered and able to accommodate the various spatial transforma- 
tions which an object may undergo, the distinguishing characteristic 
of preoperational thought is that it is centered on a particular 
state of the object. The centrated nature of preoperational cognition 
is reflected in several distinct characteristics of perceptual - 
activity which should be apparent during conservation problem solving. 
According to Piaget (1947) the preoperational child tends to concen- 
trate his perceptual activity on a particular dimension of the 
elements of a conservation problem, and to a greater extent (Piaget, 
1947, 1961) on the element judged to be greater along that 
dimension. His perception tends to be global (Piaget, 1961) and 


perceptual activity tends to be at a minimun. 
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One previous study using a similar procedure to that employed 
in the present investigation (O'Bryan & Boersma, 1970) has indicated 
that meaningful distinctions may be made between the EM patterns of 
normal conservers and nonconservers. Movie tasks involving conser- 
vation of length, area and continuous quantity (solid and liquid) 
were used and it was found that fixation positions, number of 
couplings and runs, and mean length of run both shortly after 
stimulus transformation and during the total solution period differ- 
entiated the performance of the two groups. On the basis of the 
above theoretical notions and research findings, Postulate 1 was 
thus proposed: 

Postulate l: Normal and EMR children who show nonconservation 
responses on tasks involving number, length or 
continuous quantity (solid or liquid) will, 
during the solution of these tasks: 

a. show a minimum of general perceptual activity 
in terms of couplings, runs, and fixations 
between the elements of the stimulus field; 

by show maximum centrative perceptual activity 
in terms of frequency and duration of runs 
and fixations, and percentage of examination 
time on the particular stimulus array or 
element, reported to be more in number, 


longer or more in substance. 
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On the basis of Postulate la, the following between group hypotheses 
were formulated: 
Hypothesis 1A.1: Nonconserving children, whether normal or EMR, 
will show during the first 3 seconds of the decision period, 
fewer couplings than conservers or trained nonconservers. 
Hypothesis 1A,2: Nonconserving children, whether normal or EMR, 
will show during the first 3 seconds of the decision period, 
fewer total runs over both elements, than conservers or trained 
nonconservers. 
Hypothesis 1A.3: Nonconserving children whether normal or EMR, 
will show during the first 3 seconds of the decision period, 
greater total mean length of run over both elements, than 
conservers or trained nonconservers. 
Hypothesis 4A. 4: Nonconserving children whether normal or EMR, 
will show during the first 3 seconds of the decision period, 
fewer total fixations over both elements, than conservers or 
trained nonconservers. 
Hypothesis 1A.5: Nonconservers, whether normal or EMR, will 
show during the first 3 seconds of the decision period, a 
greater total mean length of fixation over both elements, 
than conservers or trained nonconservers. 
On the basis of Postulate 1b the following within group hypotheses 
were formulated: 
Hypothesis 1B.1: Nonconserving children whether normal or EMR, 


will show during the first 3 seconds of the decision period 
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more runs on the stimulus element they nominate as being 
greater (GE). 

Hypothesis 1B.2: Nonconserving children, whether normal or 
EMR, will show during the first 3 seconds of the decision 
period, a greater mean length of run on the stimulus element 
they nominate as being greater (GE). 

Hypothesis 1B.3: Nonconserving children, whether normal or 
EMR, will show during the first 3 seconds of the decision 
period, more fixations on the stimulus element they nominate 
as being greater (GE). 

Hypothesis 1B.4: Nonconserving children, whether normal or 
EMR, will show during the first 3 seconds of the decision 
period, a greater mean length of fixation on the stimulus 
element they nominate as being greater (GE). 

Hypothesis 1B.5: Nonconserving children, whether normal or 
EMR, will spend, during the first 3 seconds of the decision 
period, a greater amount (percentage) of time looking at the 


stimulus element they nominate as being greater (GE). 


With the acquisition of conservation however, operational 
thought characterised by decentration becomes possible. Formerly, 
perceptual and cognitive activity were concentrated on particular 
states and dimensions of stimuli, whereas they now tend to be more 
evenly distributed between the transformed and the nontransformed 


elements. Furthermore, perceptual behavior has become more active 
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than it was previously. According to Piaget, (1960) it is partly as 
a function of these attentional changes that the child comes 
eventually to understand the relationship between dimensions and 
quantities. At this stage cognitive activity 'no longer issues from 
a particular viewpoint of the subject, but coordinates all the 
different viewpoints in a system of objective reciprocities (Piaget, 
1947, p. 142)." Consequently, with the acquisition of conservation, 
marked changes should be evident with respect to general and 
centrative perceptual activity. Postulate 2 was thus proposed: 
Postulate 2: Normal or EMR children who acquire conservation 
naturally or as a function of training, as determined 
by the presence of logical justifications of conser- 
vation (Piaget, 1947) on tasks involving number, 
length or continuous quantity (solid or liquid) will, 
during the solution of these tasks: 

a. show a maximum of general perceptual activity 
in terms of couplings, runs and fixations 
between the elements of the stimulus field; 

b, show minimum centrative perceptual activity in 
terms of the frequency and duration of runs 
and fixations, and percentage of examination 
time on the transformed element. 


The following between group hypotheses were formulated on the basis 


of Postulate 2a: 
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Hypothesis 2A.1; Normal or EMR conservers and trained non- 
conservers will show during the first 3 seconds of the 
decision period, more couplings than nonconservers. 
Hypothesis 2A.2: Normal or EMR conservers and trained non- 
conservers will show during the first 3 seconds of the 
decision period, more total runs over both elements than 
nonconservers. 

Hypothesis 2A.3: Normal or EMR conservers and trained non- 
conservers will show during the first 3 seconds of the 
decision period, a shorter total mean length of run over 


both elements, than nonconservers. 


Hypothesis 2A.4: Normal or EMR conservers and trained non- 


conservers will show during the first 3 seconds of the 
decision period, more total fixations over both elements, 
than nonconservers. 

Hypothesis 2A.5: Normal or EMR conservers and trained non- 
conservers will show during the first 3 seconds of the 
decision period, a shorter total mean length of fixation. 


over both elements, than nonconservers. 


The following within group hypotheses were derived from Postulate 


2b: 


Hypothesis 2B.1: Normal or EMR conservers and trained non- 


conservers will demonstrate, during the first 3 seconds of 
the decision period, a similar frequency of runs on both 


stimulus elements. 
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Hypothesis 2B,.2: Normal or EMR conservers and trained non- 
conservers will demonstrate, during the first 3 seconds of 
the decision period, a similar mean length of run on both 
stimulus elements. 

Hypothesis 2B.,3: Normal or EMR conservers and trained non- 
conservers will demonstrate, during the first 3 seconds of 
the decision period, a similar frequency of fixations on 
both stimulus elements. 

Hypothesis 2B.4: Normal or EMR conservers and trained non- 
conservers will demonstrate, during the first 3 seconds of 
the decision period, a similar mean length of fixation on 
both stimulus elements. 

Hypothesis 2B.5: Normal or EMR conservers and trained non- 
conservers will demonstrate, during the first 3 seconds of 
the decision period, a similar percentage of time spent 


looking at both stimulus elements. 


Charlesworth (1962, 1964a, 1964b) has provided some evidence to 
support his contention that Ss who have acquired a concept or ook ere 
will tend to show surprise reactions when confronted with an apparent 
violation of that concept or principle, whereas children who have not 
acquired the relationship, will not. Lewis & Harwitz (1969) have 
argued that the cognitive salience which environmental dimensions 
(concepts) or events involving dimensions have for particular 
organisms, will be reflected in the differential occurrence of 


orientation reactions (ORs). Furthermore, some evidence (Lewis & 
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Goldberg, 1969) has been presented which strongly indicates that an 
apparent violation of an expectancy tends to elicit components of the 
OR in young children. Presumably with conservers, the expectancy is 
that quantities do not change despite any spatial transformations 
they have have undergone. On the other hand, no such expectancies 
should arise with nonconservers. Thus when an apparent violation of 
conservation occurs, surprise (Charlesworth, 1969) or orientation 
reactions (Lewis & Harwitz, 1969) should arise in conservers but not 
in nonconservers. The following postulate was therefore proposed: 
Postulate 3: Normal and EMR children who acquire conservation 
naturally, or as a function of conservation training, 
as determined by the presence of logical justifica- 
tions of conservation (Piaget, 1947) on conservation 
tasks will, when confronted with an apparent viola- 
tion of the principles of conservation, show more 
evidence of surprise or orientation reactions in 
terms of changes in psychophysiological and 
perceptual activity, than will nonconservers. 
On the basis of Postulate 3 the following between group hypotheses 
were formulated: 
Hypothesis 3A,1; Normal or EMR conservers and trained non- 
conservers will show, following the presentation of Task 
III more verbal responses attributing the apparent 


violations of conservation to some legerdemain. 


ak youmgveqxs edt rina dt heaven cabana 


anoitsmichenst? Deitehege yas ediqueb apnsiis Jon ob aeists 


eoionsso sis fue on , basi x6ii70 sty nO iit ovsd ove: 


Yo noitsloitv tnexsqas ns nerfw aodT  Jexevres encanen ad iw cubis & 


noltstnsix6 xo -(edeL veeexowesl 6H) eeitquve , exc molt 


ton as exevxeenod ai satxys bivode (eaeL ,Stiwrst @ etwed) ~ 


wabipic stotexedt eswW Sisiuieoq pitiwofto® ont «Be 
nokisvxsanco extupos oflw. nexblino AMG Bas {sero 


+ 
i 


oniaietd soktsy29eno Io nottomy? & es 10 Ul iexedent 
~p ft itent. {no tpol to sonsasrd rid yk bomimesed 26 
noitavrseno5 ae (veer 29p6 19) SD erie nis ne 
<atoty we cs ag iw: ‘chic julenimaa aorw ,fliw exest* 
“S108 wae ,mMoitevreenoo to mordiviie sit 4o noise 


si enoitoss1 noigstnezxo -10 seixeaxie to soHsbive — 


has Lsoipoloteyrigorioyeq oi espné6io to emcat 


-2tsvisemonon Litw asdt Sac feusgerred : 


asdoittoayst quotp. seevtad palvettor edt . edaluteos, me 


“ ba 


oR apie Sie: ddeaiitainditie d aM x0 scnaiat il LAG 2 
| SAAS 
tae 29 Een edt ator fo8 wore pera ax 


e 


des, ; y ata 


- 
. aa ey f 
+ - 


j nae M inl) ae 
a _ a ™ 
Mo . + , 4 t jo a 4 = i 


22 & ; 


aro 
-\ 2 is ; 
WS QGE 
as 
Oe: | 

a. = . 


' 


48 


Hypothesis 3A.2: Normal or EMR conservers and trained non- 
conservers will show, during the transformation outcome 
period (TOP), more surprise reactions than nonconservers. 
The following within group hypotheses were derived from Postulate 3: 
Hypothesis 3B.1: Nonconservers, whether normal or EMR, will 
show during the first 3 seconds of the decision period on 
Task III, a ratio of frequency of runs on the elements they 
nominate as greater (GE) and lesser (LE) similar to that 
shown during the equivalent time intervals on Tasks I and 
II, whereas conservers and trained nonconservers will show 
an increase in this ratio. 
Hypothesis 3B,2: Nonconservers, whether normal or EMR, will 
show during the first 3 seconds of the decision period on 
Task fTTTSa ratio of mean lengths of run on the elements 
they nominate as greater (GE) and lesser (LE) similar to 
that shown during the equivalent time intervals on Tasks I 
and II, whereas conservers and trained nonconservers will 
show an increase in this ratio. 
Hypothesis 3B.3: Nonconservers whether normal or EMR, will 
show during the first 3 seconds of the decision period on 
Task III, a ratio of frequency of fixations on the elements 
they nominate as greater (GE) and lesser (LE) similar to 
that shown during the equivalent time intervals on Tasks I 
and II, whereas conservers and trained nonconservers will 


show an increase in this ratio. 
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Hypothesis 3B.4; Nonconservers , whether normal or EMR, will 
show during the first 3 seconds of the decision period on 
Task III, a ratio of mean lengths of fixation on the elements 
they nominate as greater (GE) and lesser (LE) similar to that 
shown during the equivalent time intervals on Tasks I and II, 
whereas conservers and trained nonconservers will show an 
increase in this ratio. 

Hypothesis 3B.5: Nonconservers, whether normal or EMR, will 
show during the first 3 seconds of the decision period on 
Task III, a ratio of percentage of time spent looking at the 
elements they nominate as greater (GE) and lesser (LE) 
Similar to that shown during the equivalent time intervals 

on Tasks I and II, whereas conservers and trained non- 


conservers will show an increase in this ratio. 
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CHAPTER 4 


Method 


Subjects 


Two populations were involved in the proposed investigation, 
viz., EMR and normal children. EMR Ss were defined here as those 
children enrolled in opportunity classrooms within the Edmonton 
Public School System, who scored within the 50-85 range on the 
Wechsler Intelligence Scale for Children (Wechsler, 1949); who were 
without known organic (neurological) defects, and who showed no 
evidence of either sensory or emotional difficulties. Normal Ss 
were defined from a random sample of children attending regular 
first or second grade classes within the Edmonton Public School 
System, who showed no evidence of sensory, emotional or organic 
difficulties. These Ss were also administered the WISC. IQ and 
CA data are presented in Table l. 

In addition, all children were given standard Piagetian pre- 
tests of conservation of number and length at school. On the pieie 
of this pretesting, three groups were selected from the above popu- 
lations: natural conservers (C); trained nonconservers (T), i.e., 
nonconservers who were trained; and nonconservers (NC). Ss were 
required to give logical conservation responses on both tasks to be 
classified as conservers, and conversely nonconservation responses 
on both tasks to be classified as nonconservers. A total of 225 Ss 


were administered the conservation pretest and 90 Ss (45 normals and 45 
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retardates — 15 in each of the three sub-groups) were selected at 
random within each treatment group. An attempt was made to match 
the groups (normal and EMR) as closely as possible on sex-ratios. 
Each child's school records were examined for medical data and 
children who deviated significantly from the standard 20/20 vision, 
or who showed auditory difficulties (2.72% of the normal Ss and 
26.71% of EMR Ss), were discarded from respective sample populations. 
Since corneal reflection EM recording techniques will not tolerate 
the reflective characteristics of glass, children requiring eye- 


glasses or contact-lenses, were not included in the samples. 
Apparatus 


Eye~movements were recorded by a Polymetric Model v-1164 eye- 
movement recorder. The recorder incorporates the use of corneal- 
reflections superimposed upon a photograph of the stimulus material 
(cf. Mackworth, 1967). The resultant corneally-reflected EMs were 
filmed by a Pathé "Professional" lémm reflex camera (See Figure 2) 
at a constant exposure rate of 10 frames per second. 

A Grass Model 5 Polygraph, integrating a Model 5E DC driver- 
amplifier and Models 5P1 and 5P3 low-level DC preamplifiers, was used 
to obtain both GSR and plethysmographic recordings. For GSR measure- 
ment, zinc electrodes of 0.34" in diameter were attached, using a 
zinc-sulphate paste, one to the central whorl on the distal-phalanx 
of the S's thumb on the non-dominant hand, and the other to a lightly 


sanded area of skin on the volar surface of the S's forearm 
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(nondominant side), approximately 2" from the wrist (cf. Lykken, 
1959). Plethysmographic recordings were obtained by means of a Grass 
Model RPT-1 (light reflected) photoelectric transducer, of the type 
described by Weinman (1967), which was attached to the center of the 
S's forehead approximately 2" above the nose. 

A 16mm L-W Photo-Optical Data Analyser Model 224-A was used 
for presentation of the laboratory stimulus material. This projector 
permits considerable adjustment in presentation speed, and allows 
presentation of "Stop-action" stimulus material, together with 
appropriate control frames, without interruption of the testing 
sequence. 

Task instructions were tape-recorded and presented at a 
constant volume through head phones attached to a Sony 4 track tape 


recorder. 
Stimulus Materials 


Two rows of six 14" diameter (i.e., 6 red and 6 blue) plastic 
poker chips were used for the number conservation pretest Tete two 
Chex o/," strips of black cardboard were used for the length Beet eee! 
tion pretest. Spatial transformations of these materials and those 
used in Tasks I and II were undertaken in the manner described by 
Piaget (1947). 

Laboratory testing involved the movie presentation of conserva- 
tion tasks. A previous study (O'Bryan & Boersma, 1971) has indicated 


that essentially equivalent results can be expected from movie and 
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traditional presentations of conservation tasks. The stimulus movie 
had three parts. First, the standard number and length conservation 
problems on which training has been given were shown (Task I); then 
followed two transfer items continuous-quantity solid and liquid 
(Task II). Finally, a series of number and length conservation 
problems which appeared to "magically" violate the principle of 
conservation, together with appropriate control tasks, were 
presented (Task III). 

Task items Ia (number conservation) and Ib (length conserva- 
tion) were identical to the pretest items, except for their 
presentation via movie. The solid continuous quantity item, involved 
the presentation of two balls of plasticine of 2" diameter, one of 
which was rolled to form a sausage. In the liquid continuous- 
quantity item, two 8 oz. clear glass beakers each half filled with 
water were presented and the water in one of the beakers was poured 
into a higher and narrower 6 oz clear glass beaker. 

The final section of the film (Task III) presented a series of 
situations in which the principle of conservation, as it relates to 
number (chips) and length (black cardboard strips) problems, appeared 
to be violated. In number conservation problems the number of chips 
increased in one of the rows when it was spread out, and in the 
length problems one of the cardboard strips lengthened as it was moved. 

The assumption was made that conserving Ss would have strong 
expectations of conservation prior to a transformational sequence. 


However the possibility existed that because of these strong 
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expectations, a number of Ss might have failed to perceive the 
conservation violations on their initial occurrence. Consequently, 
repeated presentation of these items seemed to be required. In an 
attempt to avoid the occurrence of a set on the part of Ss towards 

an expectation of change in the quantity of the transformed stimulus, 
several control items in which the quantity did not change (i.e., no 
deception was attempted) were included. 

It seemed necessary to control for several factors in the task 
presentation order; viz., it needed to begin with violation instances 
of both number and length conservation; a violation instance needed to 
occur at the end of the series since a control item would have been 
unable to serve any purpose in this position; and the sequential 
occurrence of a long series of length or number items was to be 
avoided. The following presentation order was designed with these 
factors in mind: 1. Number conservation violation (2 rows of 6, 
changed to a row of 6 and a row of 8); 2. Length conservation 


violation (2 nine-inch strips of card were presented, and one of these 


became 12" long when it was moved); 3 Control item (length); 4. 
Number conservation violation; 5. Control item (number); 6. 


Control item (length); 7. Length of conservation violation; 8. 
Control item: number; 9. Length conservation violation; 10. Number 
conservation violation. Table 2 presents a summary of the percentage 
of Ss who recognized the apparent violations of conservation. Actual 
analyses were carried out on the first scorable number and length 
violation items in which inequality of the TE and NTE was reported 


(See Tables 9 and 10).. 
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Table 2 


Prequency of Ss in each Group, According to Particular 
Violation Tasks Used in Analyses of EM 
and Psychophysiological (Psy.) Data 


Normal Ss EMR SS 
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The three-week retention tests involved the nonmovie presenta- 


tion of Tasks I and II. 
Testing Procedure 


After initial individual pretesting, the children were trans- 
ported (4 per day) to the University. In the laboratory, the Ss were 
tested individually. They were seated comfortably, fitted with a 
bite-bar to minimize head-movements during EM photography, and the 
GSR electrodes and photoelectric transducer were attached. The eye- 
movement recorder was then positioned and calibrated and Tasks I, II 
and III were administered. In Studies 2 and 4, Ss were individually 
readministered Tasks I and II at school, approximately 3 weeks after 
their laboratory session. 

Tasks I, II and III were presented on 16 mm black and white 
movie film, which was rear-projected on to a 7.8" x 7.8" stimulus 
viewing screen. The screen was positioned on a horizontal plane 
approximately 24" in front of the S's eyes. 

In an attempt to standardize presentation techniques, control 
for experimenter interaction, and facilitate filming EMs and collec- 
tion of GSR and plethysmographic data, the movie presentations were 
synchronized with taped verbal instructions. In addition, before any 
data was collected, a series of 35 mm slides of Stanford-Binet 
Picture Absurdity Tasks (Terman & Merrill, 1960) was presented and 
Ss were trained to close their eyes, when they had solved each 


problem. 
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Because pilot investigations had indicated consistently strong 
surprise reactions to taped verbal instructions in both normal and EMR 
Ss, and because the present study was additionally concerned with the 
presence or absence of surprise reactions as a function of the various 
stimulus transformations, a minor modification in the questioning 
procedure of O'Bryan and Boersma (1970) was necessary. Whereas in 
their study the conservation question was asked immediately following 
the stimulus transformation, in the present study Ss were questioned 
prior to stimulus transformation. Thirty Ss were selected at random 
from the experimental population, and a check was made for retention 
across the question - decision interval. No fade was apparent in any 
of the treatment groups. 

Within Task I, the number conservation problem (Item Ia) was 
followed by the length problem (Item Ib). The Ss were asked each 
conservation question prior to the stimulus transformation period and 
were instructed to close their eyes when they had reached a post 
transformation decision. During the decision-period, the S's EMs in 
relation to the stimulus display, were filmed. After the Ss had made 
a decision, photography of EMs ceased and the S's verbal responses 
were tape-recorded. The same procedure was followed during the 
presentation of Task II, with the solid and liquid continuous quantity 
tasks presented in that order. EM, psychophysiological and verbal 
data were recorded as outlined above during the presentation of Task 
III. Control psychophysiological data, were collected during the 


presentation of Task I. 
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Scoring Procedure 


EM data was scored according to the position of each fixation 
point in relation to the TE and the NTE. However a number of frames 
were present in which the corneal reflection was indefinable, blurred, 
or not apparent (e.g., as a result of a blink, or a very rapid EM). 
The scoring of these frames was estimated as follows: 

All fixation points in the first half of a sequence of frames 

(X) which was to be interpolated, were estimated as being in 

the same area as the fixation point immediately preceding X. 

All fixation points in the latter half of X were estimated 

as being in the same area as the fixation point immediately 

following X. Where X was an odd number of frames, the extra 

frame was added to the second half of X. 

It was decided that any S who showed more than 10% interpolated 
data on any task would be eliminated from the study. No Ss were 
eliminated on this basis. A random sample of 20 EM records were 
analysed by two independent observers, and over 95% agreement was 
obtained. 


Psychophysiological data was scored in terms of the definitions 


listed in Chapter 3. 


General Design 


The present investigation consisted of a series of four 
comparative studies of perceptual activity and surprise reactions, 


viz., 1. comparison between normal conservers and normal nonconservers; 
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2. comparison between trained normal nonconservers and normal non- 
conservers; 3. comparison between EMR conservers and EMR non- 
conservers; 4. comparison between trained EMR nonconservers and EMR 
nonconservers (see Figure 3). Studies 1 and 3 were comparative 
investigations, while Studies 2 and 4 were experiments which incor- 
porated the Pretest-Posttest Control Group Design (Campbell & 
Stanley, 1963). 

As previously mentioned, Ss were pretested in the schools and 
three normal and three EMR groups were selected. The T groups 
received two training sessions on two consecutive mornings at school. 
In the afternoon, following the second training session, they were 
transported to the University where the experimental tasks were 
presented, and verbal and psychophysiological response data collected. 
Data from the C and the NC groups were also collected during this 
time, but none of these groups received any training beforehand 
except the eye-closing conditioning sessions. 

An attempt was made to control for variations in intrasession 
history (Campbell & Stanley, 1963). Each of the six experimental 
groups was divided into two subgroups which contained approximately 
half of the Ss in each group. The resulting twelve subgroups were run 
in a counterbalanced order as follows: 1. Normal Conservers-Subgroup 
1; 2. Normal Nonconservers-Subgroup 1; 3. EMR Conservers-Subgroup 
1; 4. EMR Nonconservers-Subgroup 1; 5. Normal Trained Nonconservers- 
Subgroup 1; 6. EMR Trained Nonconservers-Subgroup 1; 7. EMR Trained 


Nonconservers-Subgroup 2; 8. Normal Trained Nonconservers-Subgroup 2; 
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PRETESTING (TASKI) AND WISC TESTING IN SCHOOLS 


STUDY 2 
n =30 


STUDY | 


TESTING AT UNIVERSITY (FILMED) 


TASK I NUMBER AND LENGTH TESTS 
TASK I SOLID AND LIQUID CONTINUOUS QUANTITY TESTS 
TASK IT NUMBER AND LENGTH VIOLATION TESTS 


THREE WEEK RETENTION 


TESTING IN SCHOOLS ON 
TASKS I AND If 


Fig. 3. OUTLINE OF EXPERIMENTAL PROCEDURE 
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9. EMR Nonconservers-Subgroup 2; 10. EMR Conservers-Subgroup 2; 

11. Normal Nonconservers-Subgroup 2; 12. Normal Conservers- 
Subgroup 2. Two weeks after their laboratory visit, the T and the NC 
groups were readministered the posttests (number and length) and the 
transfer tests (solid and liquid - continuous quantity) at school. 


Figure 3 presents an outline of the experimental procedure. 
Statistical Analyses 


Preliminary between-group comparisons were made for each study 
on several types of performance data. Latency to decision data was 
analysed using t tests for independent samples (Winer, 1962, pp. 30- 
33). Homogeneity of variance was tested using the F test for variances 
from independent samples (Ferguson, 1966, pp. 181-182). Where the 
assumption of homogeneity of variance appeared untenable, Welch's t' 
(Welch, 1947) was calculated. Analyses of frequency of unscorable 
frames of EM data were undertaken using a 2 X 3 analysis of variance 
design with repeated measures on the second factor. Groups (conserver, 
trained nonconserver or nonconserver - depending on the study).was the 
non-repeated factor and Tasks (I, II and III) were the repeated 
measures. Since homogeneity of covariance is a critical assumption 
in repeated measures designs, and since this requirement is seldom 
met, the Greenhouse and Geisser procedure for degrees of freedom 
adjustment was following in testing all main and interaction effects 
involving repeated measures (Winer, 1962, pp. 305-6). In Studies 2 


and 4, frequency of logical conservation responses on Tasks I and II, 
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in both the laboratory tests and 3 week retention tests, were compared 
using the z test for independent proportions (Ferguson, 1966, p. 177). 

Between group hypotheses were tested using a 2 X 2 analysis of 
variance design with repeated measures on the second factor. ae eove 
Groups (conserver, trained nonconserver or nonconserver - depending on 
the study) was the nonrepeated factor,, and Tasks (I and II for 
Hypotheses 1A.1 - 2A.5) were the repeated measures. The z test for 
independent proportions (Ferguson, 1966, p. 177) was used for testing 
Hypotheses 3A.1 and 3A,2.+ 

A number of additional exploratory between-group analyses were 
also undertaken, in an attempt to examine the performance of the 
groups in more detail with respect to the TE and the NTE. These 
analyses also involved a 2 (Groups) X 2 (Tasks) analysis of variance 
design with Regents measures on the second factor as specified above. 
The following variables were analysed in this way: frequency of runs 
on the TE, frequency of runs on the NTE, mean length of run on the TE, 
mean length of run on the NTE, frequency of fixations on the TE, 
frequency of fixations on the NTE, mean length of fixation on the TE, 
mean length of fixation on the NTE, examination time on the TE, and 
examination time on the NTE. These variables were also analysed for 
Tasks I and III, and in addition exploratory analyses were undertaken 
on frequency of couplings, total runs over both elements, total mean 
length of run over both elements, total fixations over both elements, 


total mean length of fixation over both elements, prefilm conductance 


tail t and z tests of experimental hypotheses involved one- 
tailed values, whereas two-tailed tests were used for exploratory 
analyses. 
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level, maximum conductance change, conductance difference, latency 
to GSR onset, latency to GSR peak, mean blood volume change, mean 
blood volume pulse change and mean heart rate change. 

Within group Hypotheses 1B.1 - 3B.5 were tested using the t 


test for correlated samples (Winer, 1962, pp. 39-42). 
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CHAPTER 5 


Results and Discussion 


Appendices 


Appendix A 


In an attempt to achieve maximum clarity and parsimony in the 
presentation of the experimental results, the means for each dependent 
variable measure of EM, psychophysiological and performance data are 
presented in Tables A (normal Ss) and B (EMR Ss). Means are listed 
for each task item (i.e., Ia, Ib, IIa, IIb, IIIa, and IIIb) and for 
each task, i.e., I/2, II/2 and III/2. Task means were obtained by 
summing over each pair of items for each task and dividing by two. 

The analyses reported in Chapter 5 and in Appendix B are based on task 
means, and row and column means associated with 2 X 2 analysis of 
variance designs may be obtained from Table A and B values, by summing 


over the two tasks involved and dividing by two. 


Appendix B 


In addition to the analyses reported in Chapter 5, a number of 
exploratory analyses (no hypotheses were formulated) were undertaken. 
It was suspected that these analyses would yield similar results to 
those for which hypotheses were formulated. This appeared to be the 
case. Consequently to avoid redundancy the results of these analyses 
are reported in dialogue form in Appendix B, and findings which appear 
to have relevance for a particular study are incorporated into. the 


results section of each study. 
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Performance and Training Data 


Latency to task solution data in seconds is presented in Tables 
A and B (Appendix A). Normal conservers (N-C) took significantly 
longer to reach task decisions than normal nonconservers (N-NC) on 
Task I (Myc = 19.30, Mnnc = 11.18; t' = 3.34, dé = 28, p <.01) and 
Task, JIL (Myc) = 15-97») Mano ™ 76827) t= 3o18, df= 28, p <.01)1. 
Similar but nonsignificant intergroup differences were obtained on 
Task II. Normal trained nonconservers (N-T) showed a significantly 
longer latency to decision on Task I than normal nonconservers 
(Mnt = 18.03, Mnnc = 11.18; t' = 2.22, df = 28, p < .05), but inter- 
group differences on TasksII and III, although in the same direction, 


were nonsignificant. 


EMR conservers (R-C) tended to take longer in reaching task 
decisions than EMR nonconservers (R-NC) on all three tasks, but none 
of these differences between the groups on Tasks were significant. 

EMR trained nonconservers (R-T) showed longer decision latencies than 
EMR nonconservers on Task II (M), = 14.61, M,j., = 8.74; t' = 2.51, 

df = 28, p < .05), but differences between the groups on Tasks I and 
III, while in the same direction, were nonsignificant. In general, 

it is evident that conservers and trained nonconservers in both normal 
and EMR groups, tended to spend longer reaching a decision on the 


tasks, than nonconservers. 


lpor ease of presentation of means, lower case letters without 
hyphens are used to denote groups. 
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Since there were considerable differences between the groups 
in terms of task decision latencies, any intergroup differences there 
may be in EM dependent variables taken over total solution time, would 
have been confounded with decision latency. Consequently, analyses on 
the data in terms of a constant time interval rather than the total 
solution period, seemed indicated. The first three seconds of the 
decision period seemed the best available time interval.for this 
purpose on the basis of previous research (Boersma, Muir, Wilton & 
Barham, 1969; O'Bryan & Boersma, 1970). 

Analyses of data on frequency of unscorable frames as a func- 
tion of studies during the first three seconds of the decision period 
revealed no significant differences between experimental groups 
(see Tables A and B). Furthermore, in no case did the percentage of 
missing data arising from short decision latencies, exceed four 
percent per group. Thus, the first three seconds of the decision 
period yielded a high proportion of scorable data for each group, and 
consequently it was decided to adopt this unit as the constant time 
interval.for the analyses of the EM data. 

An evaluation of the conservation acceleration training proce- 
dure in terms of verbal data was also made. Percentages of logical 
conservation responses on Tasks I and II for studies 2 and 4 were 
accordingly analysed. On the laboratory tests, trained normal non- 
conservers showed a significantly higher proportion of logical 
conservation responses than normal nonconservers (Task I: N-T.= 80%, 
N-NC =.0.00%, z = 7.81, p <.0001; Task II: N-T,=. 47%, N=NC = 0.00%, 


z= 4.87, p <.0001) and trained EMR nonconservers showed more 
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logical conservation responses than EMR nonconservers (Task I: 
R-T = 100%, R=-NC = 0,00%, z = 7.81, p = .0001) Task II: R-T = 57%, 
R-NC = 0.00%, z = 4.89, p < .0001). 

A similar pattern was evident on the three week retention tests. 
Here trained normal nonconservers showed more logical conservation 
responses than normal nonconservers (Task I: N-T = 77%, N=-NC = 3%, 
z= 5.79, p< .0001; Task II: N-T = 53%, N-NC = 0.00%, z = 4.61, 

p < .0001), and trained EMR nonconservers showed significantly more 
logical conservation responses than EMR nonconservers (Task I: 

R-T = 97%, R-NC = 10%, z = 6.71, p < .0001; Task II: R-T = 80%, 

R-NC = 7%, Z2 = 5.78, p <.0001),. It was thus concluded that the 
training procedure had been effective with respect to Piaget's three 
training criteria (permanence and generalizability of behavioral 
changes, and apparent cognitive structural changes) in terms of verbal 
response data in both normal and EMR nonconservers, and analyses of EM 
and psychophysiological data for Studies 2 and 4 seemed meaningful and 
were undertaken. 

Table 3 presents a summary of the percentages of Ss in each 
group who recognized the conservation violations, It is apparent in 
both normal and EMR Ss that a relatively high percentage of conservers 
and trained nonconservers, and a relatively low percentage of non- 
conservers, recognized the violations of conservation. Moreover, as 
expected, the first presented number and length violation items seemed 
to differentiate the groups most clearly, In the light of these 


observations, more detailed analyses of verbal responses and 
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Percentage of Ss Recognizing Conservation Violations 
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"surprise-reactions" following the first recognized number and length 


conservation violations seemed indicated and were made. 


Study l: Perceptual Activity and Surprise Reactions 


in Normal Conservers and Normal Nonconservers 
Results 


Conservation Tasks. A Tasks (I and II) by Groups (N-C and N-NC) 
analysis of variance with repeated measures on Tasks, was used for 
between group analyses of general perceptual activity. The following 
results were obtained. Conservers, in comparison with nonconservers, 
showed more couplings (Myg = 3.42, Mync = 1.79; F = 15.373, df = 1/28, 
p < .001), more runs over both elements (Myc = 2.14, Mnnc = 1-69; 

F = 4.516, df = 1/28, p <.05), and a longer mean length of run in one 
tenth second units, over both elements (Mpc = 12.83, Mpnc= 18.33; 

F = 10.491, df = 1/28, p <.01), more fixations over both elements 
(Mac = 10.87, Monc = 8.15; F = 12.329, df = 1/28, p < .01) anda 
shorter mean length of fixation in one tenth second units, over both 
elements (Myc = 3-11, Mpnc = 4.19; F = 10.491, df = 1/28, p< .01). 
No significant Task or interaction effects were obtained. Thus 
Hypotheses IA.1 - 1A.5 (which refer to NNC), and Hypotheses 2A.1 - 
2A.5 (which refer to NC) are supported, and a clear differentiation 
between normal conservers and normal nonconservers in terms of 


general perceptual activity seems indicated. 
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Within group differences in task performance in relation to the 
TE and NTE on Tasks I and II were analysed using correlated t tests. 
For each S, data was summed over task items (i.e., over items Ia, Ib, 
IIa and IIb) and divided by four. These scores were then used as "raw 
scores" from which group means for the correlated t tests were calcu- 
lated. Table 4 summarizes these ae More specifically these 
analyses revealed that nonconservers made significantly more runs on 
the GE (t = 2.34, df = 14, p < .05), had a shorter mean length of run 
in one tenth second units on the GE (t = 1.97, df = 14, p < .05), made 
significantly more fixations on the GE (t = 2.59, df = 14, p <.05), 
had a longer mean length of fixation in one tenth second units on the 
GE (t-= 1.85, df = 14, p <.05) and spent a significantly larger 
amount of examination time (tenths of seconds) on the GE (t = 2.28, 
af = 14, p< .05). Similar analyses for conservers failed to yield 
at ieank differences. These results provide support for Hypotheses 
1B.1 - 1B.5 and 2B.1 - 2B.5, thus suggesting that conserving and non- 
conserving Ss showed clearly different patterns of centrative — 
perceptual activity. 

Exploratory analyses of perceptual activity were undertaken 
using the Tasks by Groups analysis of variance design. Appendix B - 
Study 1 presents the results in detail. Specifically, it appears that 


conservers showed more active perceptual behavior and did not "center" 


2tn Tables 4 and 6, the terms GE and LE are used to denote the 
elements erroneously perceived by the nonconservers as greater and 
lesser in quantity (2 normal and 2 EMR nonconservers perceived the 


NTE as greater). 
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on a particular element. These results are similar to those discussed 


above and probably reflect similar aspects of perceptual behavior. 


Violation Tasks. Analyses of these data are presented in three sections: 
a) in terms of the variables which seem most crucial to this aspect of 
the study, namely, verbal reports and "Surprise reactions"; b) in terms 
of within group analyses of EM data, i.e., inter=element comparisons; 
and c) in terms of exploratory between group (N=C vs N=-NC) comparisons 
of specific psychophysiological and EM measures (Appendix B = Study l). 

A comparison between the N=C and N=-NC groups on verbal responses 
to violation items, revealed that 100% of the conservers attributed 
the apparent conservation violations to some legerdemain, whereas only 
16% of the nonconservers responded in this way (z = 6.56, p < -.0001), 
thus providing e@rong support for Hypothesis 3A.1. 

A substantially higher percentage of "Surprise reactions" (the 
simultaneous occurrence during the TOP of a GSR conductance change, a 
cephalic blood volume increase and a heart rate decrease) was obtained 
from conservers (N-C = 53%, N-NC = 17%; z = 2.98, p< .005) than from 
nonconservers. Strong support was thus gained for Hypothesis 3A.2, 
and in view of the intergroup differences on verbal responses, it 
would appear that the occurrence of "surprise reactions" closely 
reflects the recognition of conservation violations. 

Table 5 presents within group analyses of EM data on Task IIT. 
The results indicate with respect to the TE and NTE, that conservers 
made more runs on the TE (t = 3.68, df = 14, p < .01), had a signifi- 
cantly longer mean length of run in one tenth second units, on the TE 


(t = 2.93, df = 14, p ¢ .01), made more fixations on the TE (t = 5.13, 
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df = 14, p < .001), had a longer mean length of fixation in one tenth 
second units on the TE (t = 1.96, df = 14, p <.05), and spent a 
greater amount of examination time (tenths of seconds) on the TE 

(t = 3.70, df = 14, p < .01). Nonconservers showed a significantly 
shorter mean length of run in one tenth second units on the TE 


(t 


1.95,,df =14, p < .05), and more fixations on the TE (t =:1.94, 


df 


14, p <.05), but none of the other differences were significant. 
Inspection of Table 4 in conjunction with Table 5 reveals that non- 
conservers tend to centrate on the TE in both cases with the strongest 
effect being associated with Table 4. More interesting however is the 
marked contrast evident in the case of conservers. Here for Task III, 
all dependent variables showed significant effects, whereas none were 
Significant on Table 4. Thus support was obtained for Hypotheses 

3B.1 - 3B.5, indicating that in comparison with nonconservers, 
conservers showed greater changes in centrative perceptual activity on 
the violation tasks. 

Exploratory analyses of violation task EM and psy chphysiological 
data are presented in Appendix B - Study 1. The analyses of individual 
psychophysiological dependent variables for all practical purposes 
revealed no consistent intergroup differences. The only significant 
finding was associated with mean BVP change and this was probably a 
chance occurrence. 

One finding which émerged from exploratory analyses of general 
perceptual activity during violation tasks, was that conservers showed 
more couplings on Tasks I and III than nonconservers. A more inter- 


esting and probably more important finding however, was that conservers 
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showed a significant decrease in couplings during the conservation 
violation tasks. Specifically, they tended to spend more time exam- 
ining the legerdermain element, thus suggesting that both groups were 
now focussing on the TE, although probably for different reasons. 
Conservers over both tasks, also showed more fixations, which seems to 
indicate that their perceptual activity, at least in terms of fixations, 
was greater than that of nonconservers. Conservers compared with non- 
conservers, also showed greater increases in frequency of fixations, 
mean length of run and amount of examination time, on the TE, during 
Task III. In addition a task effect, with violation tasks eliciting 
more perceptual activity in terms of fixations for both groups was 
evident. In short, conservers showed fewer couplings on violation 
tasks; it would appear that exploration of the TE had increased for 
Ss who noticed the violation, Actual statistical data is presented 

in Appendix B - Study 1. These results are consistent with the 
results of within group analyses reported above. 

In short, the following results emerged from Study l. 
Conservers in comparison with nonconservers, showed predicted differ- 
ences in general and centrative perceptual activity on conservation 
tasks. Predicted intergroup differences in verbal and "surprise 
reactions" to conservation violations were also obtained, and in 
conservers these reactions were accompanied by predicted changes in 


centrative perceptual activity. 
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‘Discussion 


The results of between and within group analyses of Task I and 
II EM data provided strong support for Hypotheses 1A.1 - 1A.5 and 
2A.1 - 2A.5, and for Hypotheses 1B.1- 1B.5 and 2B.1 - 2B.5. These 
findings appear to indicate that in terms of corneally reflected EMs, 
the general perceptual behavior of conservers is considerably more 
active than that of nonconservers, and that the lesser perceptual 
activity of nonconserving Ss is accompanied by a tendency on their 
part to "center" or fixate significantly longer and more often on the 
element judged to be greater following transformation. It is thus 
concluded that Postulates Ia, Ib, IIa, and IIb are tenable. These 
results seem consistent with Piaget's (1947, 1970) distinctions 
between the perceptual/attentional concomitants of preoperational and 
operational thinking, and replicate the findings of O'Bryan and 
Boersma (1970). 

The conservation violation tasks also differentiated the groups 
in the predicted direction. The marked differences between the groups 
in terms of their verbal responses to the apparent violations of 
conservation, suggest that the expectancies of the conservers and non- 
conservers with respect to the possible transformation outcome, were 
very different prior to the completion of the transformation. All of 
the conservers reported that something "wrong" had occurred, and they 
attributed the violation to legerdemain, On the other hand, almost 
all of the nonconservers gave the usual nonconservation response and 


rationale (c.f., Table A). 
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The differences between the groups in terms of "surprise 
reactions',» indicate that during the TOP on conservation violation 
tasks, psychophysiological activity differentiated conserving and non- 
conserving Ss. With respect to EMs, the within group analyses of Task 
III data revealed a number of marked changes in the conservers' 
centrative perceptual activity, whereas little or no change was 
apparent in nonconservers. As predicted, the changes in conservers' 
centrative perceptual activity involved substantial increases in the 
duration and frequency of fixations and runs on the TE (i.e., the 
element which was manipulated to appear greater), and in the per- 
centage of time spent looking at the TE. Although the centrative 
perceptual activity of conservers on Task III appeared to be similar 
to that shown by nonconservers, there were probably very different 
reasons for each group's performance. Nonconservers probably showed 
more perceptual activity on the TE because as in conservation tasks, 
this element appeared to be greater (Piaget, 1961) following trans- 
formation. In the case of conservers however, the increase in 
perceptual activity on the TE was probably a function of their 
recognition of conservation violation. Alternatively, since the 
violation tasks required "accommodation" on the part of conservers, 
and since any conservation task requires "accommodation" on the part 
of nonconservers, the obtained result may be reflective of accom- 
modative perceptual activity. The results of exploratory analyses in 
terms of general perceptual activity and of additional EM data on 
Tasks I and III also reflect these changes noted in centrative 


perceptual activity. It is thus concluded that Postulate III is 
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tenable, The obtained result provides considerable Support for 
Charlesworth's (1964a, 1969) and Lewis and Harwitz's (1969) conten- 
tions regarding the utility of surprise and orientation reactions as 
nonverbal indices of cognitive structural change. 

Piaget's (1947, 1962, 1970) position is also strongly sup- 
ported in that there appear to be marked differences in the cognitive 
functioning of conserving and nonconserving Ss following apparent 
conservation violations. Presumably, surprise reactions are mediated 
by cortical activity and it seems highly likely that the occurrence of 
Such reactions closely reflects the cognitive structural changes 
which, according to Piaget (1947), accompany the acquisition of 
conservation. 

It would appear that the individual psychophysiological 
dependent variables did not differentiate the groups, except in the 
case of mean BVP change. If mean BVP change was an index of surprise, 
a greater mean BVP would be predicted from conservers and from both 
groups on Task III. The obtained results were however in the reverse 
direction. In view of the minimal differences which were obtained on 
all other individual psychophysiological dependent variables, it is 
Suggested that these results are probably a chance finding, and hence 
of little theoretical significance. The occurrence of intergroup 
differences in "surprise reactions" in the absence of similar differ- 
ences in individual psychophysiological dependent variables, is not 
inconsistent with the general direction of Western and Russian 


research on the OR, which has tended to underline the importance of 
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multiple related psychophysiological,indices, rather than single 
isolated psychophysiological reactions. 

General and centrative perceptual activity and "surprise 
reactions" thus seem to be useful supplementary indicators of 
cognitive structural development and, when accompanied by verbal 
data, they should lead to more adequate evaluations of conservation 


acceleration attempts. 


Study 2: Perceptual Activity and Surprise Reactions in 


Trained Normal Nonconservers and Normal Nonconservers 
Results 


Conservation Tasks. A two way (Groups by Tasks) analysis of variance 
with repeated measures on Tasks (I & II), was used for between group 
analyses of EM data, and the following results were obtained. In 
comparison with normal nonconservers (N-NC), the trained normal non- 
conservers (N-T) showed more couplings (Mnt = 2.90, Mnnc = 1.79; 

F = 9.493, df = 1/28, p < .01), more runs over both elements 

(Mnt = 2.17, Mnnc = 1.69; F = 6.316, df = 1/28, p < .05), a shorter 
mean length of run in one tenth second units, (Mnt = 13.10, 

Monc = 18.33; F = 10.555, df = 1/28, p <.01), more fixations over 
both elements (Mnt = 10,55, Mnnc = 8.15; F = 7.404, df = 1/28, 

p <.05), and a shorter mean length of fixation in one tenth second 
units over both elements (Mnt = 3.27, Mnnc = 4.19; F = 6.462, 

df = 1/28, p < .05). Both groups showed more fixations on Task I 


(Mt = 9.98, Mrz = 8.727 F = 4.301, df = 1/28, p < .05). No other 
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Task or interaction effects were significant. For all practical 
purposes, N-T Ss showed the same type of general perceptual activity 
as that of N-C Ss in Study 1. Consequently, Hypotheses 1A.1 - 1A.5 
(which refer to N-NC Ss) and Hypotheses 2A.1 - 2A.5 (which refer to 
N-T Ss) are supported, and marked differences between N-T and N-NC 
Ss with respect to general perceptual activity, are apparent. 
Correlated t-tests were used for within (TE vs. NTE) group 
analyses of EM data in relation to the TE and NTE, on Tasks I and II, 
For each S data was summed over tasks (i.e., items Ia, Ib, IIa and IIb) 
and divided by four as in Study 1. These results are summarized in 
Table 4 (page 73). As in Study 1, N-NC Ss showed more runs on the GE 
(t = 2.34, df = 14, p <.05), had a shorter mean length of run in one 
tenth second units on the GE (t = 1.97, df = 14, p < .05), made 
significantly more fixations on the GE (t = 2.59, df = 14, p <.05), 
had a shorter mean length of fixation in one tenth second units on the 
GE (t = 1.85, df = 14, p <.05) and spent a significantly larger amount 
of examination time (tenths of seconds) on the GE (t = 2.28, df = 14, 
p< .05).° In the case of N-T Ss however, none of the TE=-NTE differ- 
ences were significant. Thus Hypotheses 1B.1 - 1B.5 and 2B.1 —- 2B.5 
are supported, and distinct N-T and N-NC intergroup differences in 
centrative perceptual activity are evident. The more interesting 
finding however, is that centrative perceptual activity of N-T and 
N-C Ss is very similar, thus indicating that EM patterns of trained 


nonconservers closely resemble those of natural conservers. 


3The results reported for N-NC Ss are identical to those 
reported in Study 1 since they involve the same Ss. 
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The above mentioned Groups by Tasks analysis of variance design 
was used for exploratory analyses of perceptual activity. These 
analyses which are reported in Appendix B - Study 2, indicated differ- 
ential perceptual activity on the part of N-T and N-NC Ss. 
Specifically, it appears that N-T Ss showed more active perceptual 
behavior and were not centering on a particular element. These 
results seem consistent with those obtained from the above analyses, 
and are probably reflective of similar aspects of perceptual behavior. 
At the same time, the obtained results are very similar to those 
obtained in Study 1, thereby indicating that the perceptual activity 


of N-T Ss, closely resembled that of N-C Ss. 


Violation Tasks. The presentation of the results of violation task 
data will follow the format adopted for Study l. 

Verbal responses to violation items clearly differentiated the 
groups. Significantly more N-T than N-NC Ss attributed the apparent 
conservation violations to legerdemain (Mog = 7 38,0M = 16%; 
z= 4.41, p < .0001). Thus considerable support is provided for 
Hypothesis 3A.1. 

N-T Ss showed Significantly more "surprise reactions" than N-NC 
Ss (N-T = 43%, N-NC = 16%; z= 2.25, p ™ .025), thus supporting 
Hypothesis 3A.2. A similar trend to that obtained in Study 1 seems 
evident. The occurrence of "Surprise reactions" again appears to be 


closely related to conservation violation recognition. 
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Within group analyses of Task III EM data in terms of the TE 
and NTE, which involved the use of correlated t tests, are summarized 
in Table 5 (page 75). N-T'Ss showed more fixations on the TE 
(t= 1.81, df= 14, p< .05), an effect which was not noticeable for 
Task I and II (see Table 4). For N-NC Ss on Task III, a centration 
effect similar to that observed in the analyses of Task I and II EM 
data was evident. Inspection of Tables 4 and 5 shows that although 
only two inter-element differences are significant in Table 5, the 
larger mean measure of centrative perceptual activity in all cases is 
associated with the GE in both tables. None of the other inter- 
element differences for the N-T group was significant. The results 
for N-NC Ss are identical to those discussed in Study 1, since the 
Same Ss were involved. Thus Hypothesis 3B.3 is supported in that N-T 
Ss showed an increase in the TE-NTE fixation ratio whereas N-NC Ss 
did not. The fact however, that the remaining 3B hypotheses were not 
supported suggests that the fixation finding should be interpreted 
with reservations. 

Individual psychophysiological dependent variables as in Study 
Sys bs a | not differentiate the groups, and again these findings seem to 
bear very little relationship to the Task III intergroup verbal 
response and "surprise reaction" differences reported in Study 2 (see 
Table A for specific mean values). 

In comparison with Task I and II results, N-T Ss on Task III 
showed several changes in perceptual activity in relation to the TE 


and the NTE. Specifically, they no longer made more runs on the NTE, 
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nor did they continue to have a shorter mean length of run, fixation 
and examination time period on the TE. Thus it appears that N-T Ss 
noticed the conservation violation and modified their perceptual 
behavior accordingly, whereupon their perceptual activity became very 
similar to that shown by the N-NC Ss. Mean length of fixation over 
both elements decreased for N-NC Ss and increased for N-T Ss during 
Task III. This result suggests that during Task III the perceptual 
activity of N-NC Ss may at that stage have been more variable in terms 
of foveation whereas it seems likely that N-T Ss had increased their 
perceptual activity on the TE. This contention receives considerable 
support from the previously discussed within group and exploratory 
between group analyses of EM data on Task III. Moreover these results 
seem consistent with those reported in Study l. 

In summarizing the results of Study 2, the following points 
seem important. Trained and untrained normal nonconservers showed 
predicted differences in general and centrative perceptual activity on 
conservation tasks. On conservation violation tasks, predicted inter- 
group differences in verbal and "surprise reactions" were also obtained, 
and in trained normal nonconservers these reactions were accompanied 
by one predicted change in centrative perceptual activity and by 


several changes in general perceptual activity. 


Discussion 


Strong support was obtained for Hypotheses 1A.1 - 1A.5, and 2A.1- 


2A,5 and for Hypotheses 1B.1 - 1B.5 and 2B.1 - 2B.5, from between and 


within group analyses of EM data on Tasks I and II. Consequently, in 
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terms of corneally reflected EM indices, general and centrative 
perceptual activity clearly differentiated the groups. N-T Ss showed 
more active general perceptual behavior than N-NC Ss, and while N-NC 
Ss showed a marked tendency Poo canter® more often and for longer 
periods, on the element judged to be greater following the transfor- 
mation, such a trend was not apparent with respect to either element, 
in N-T Ss. Postulates Ia, Ib, IIa and IIb thus appear to be tenable. 
Therefore, in addition to verbal response data, analyses of general 
and centrative perceptual activity during Tasks I and II, seem to 
provide considerable support for the contention that the conservation 
acceleration procedure had been effective in inducing a degree of 
cognitive structural change in the N-T Ss. 

The predicted intergroup differences in verbal and "surprise 
reactions" to apparent conservation violations, which were obtained, 
provided strong support for Hypotheses 3A.1 and 3A.2, and for the 
effectiveness of the conservation acceleration procedure in terms of 
cognitive structural changes. Significantly more N-T than N-NC.Ss 
recognized the apparent conservation violations, thus suggesting that 
prior to the transformation completion, the expectancies of N-T and 
N-NC Ss with respect to the transformation outcome, were very 
different. N-T Ss showed significantly more "Surprise reactions" than 
N-NC Ss, and it a very likely that this differential reflects a 
higher percentage of perceived violations of pretrans formation 
expectancies on the part of N-T ‘ss. 

Within group analyses of Task III EM data provided support for 


Hypothesis 3B.3. In comparison with Task I and II frequencies, N-T Ss 
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showed an increase in fixations on the TE, but no such change was 
observed in N=-NC Ss. This trend was also noted in exploratory 
analyses of general perceptual activity, and of perceptual activity 
in relation to the TE and the NTE. These results provide further 
Supplementary evidence in support of the contention that the 
conservation acceleration training procedure was effective in terms 
of inducing cognitive structural changes. 

With reference to Study 1 (Tasks I & II), general and centrative 
perceptual activity in N-T and N-C Ss appear essentially equivalent, 
and both contrast with that shown by N-Nc Ss. In addition, verbal and 
"Surprise reaction" frequencies were very meiner: in conservers and 
trained nonconservers, and again these frequencies were substantially 
greater than those shown by nonconservers. Conservers and trained 
nonconservers also showed somewhat similar EM patterns during Task III. 
The similarities were not as pronounced however, as those observed on 
Tasks I and II. Consequently, although cognitive structural develop- 
ment seems to have occurred as a function of conservation training, 
the levels attained by conservers and trained nonconservers were 
probably not equivalent. This supposition is also supported by the 
fact that only 80% of the N-T Ss attained conservation status on the 
tasks for which they received training, and only 47% attained 
conservation on the transfer tasks. Thus although training was 
effective, it clearly did not result in equivalent levels of cogni- 
tive functioning in N-C and N-T groups. It would appear then, that 


the natural acquisition of conservation could involve aspects of 
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cognitive structural development not achieved by the present 
conservation acceleration training procedure. 

The results of this study seem to have at least one clear 
implication for Piaget's (1947, 1970) theoretical position. It would 
appear that in terms of cognitive structural changes, the development 
of intelligence as evidenced by the acquisition of conservation, can 
be accelerated to a substantial degree in normal children. In the 
present study however, the levels of cognitive functioning reached by 
natural conservers and trained nonconservers were not entirely 
equivalent. A logical next step would be to investigate EMs and 
"surprise reactions" in Ss who actually attain conservation, 
generalize it in transfer tasks and retain it over a period of time. 
The present study examined the behavior of groups, and within the 
N-T group there were several Ss who clearly did not respond to train- 
ing and this fact may have suppressed the overall effect of training 
in terms of the N-T mean values on the various EM and "surprise 
reaction" dependent variables, The extent to which the effectiveness 
of training might vary according to maturational level (cognitive 
development) , and the extent to which it can be improved by a refine- 
ment and an extension of training procedures, require further investi- 
gation. In this connection, it is suggested that EMs and "surprise 
reactions" could provide useful supplementary evidence on cognitive 


structural development for such investigations. 
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Study 3: Perceptual Activity and Surprise Reactions 


in EMR Conservers and EMR Nonconservers 
Results 


Conservation Tasks. The following results of between group analyses 
of general perceptual activity involved the use of a Groups (R-C vs. 
R-NC) by Tasks (I & II) analysis of variance with repeated measures on 
Tasks. R-C in comparison with R=-NC Ss, showed more runs (Mo = 2.40, 
Meno = 12707; F = 11.594, df = 1/28, p < .01), more fixations 

(M-, = 12.00, M..¢ = 8.20; F._= 27.814, df = 1/28, p < .001) and a 
shorter mean length of fixation in one tenth second units, over both 
efements® (M.. =) 2.69,)/M.., =°3.73; F = 18,953,;"df = 1/28,;p < .001) 
and both groups showed more fixations on Task I (M; = 10.80, 

Mrz = 9.40; F = 10.559, df = 1/28, p < .01). All other main and 
interaction effects were nonsignificant. Thus Hypotheses 1A.2, 1A.4 
and 1A.5 and Hypotheses 2A.2, 2A.4 and 2A.5 are supported, indicating 
as with normal Ss that there were also differences between retarded 
conservers and nonconservers in terms of general perceptual activity. 
It should be pointed out however that these findings were not as 
strong as those reported for normal Ss, specifically since significant 
couplings and mean length of run effects were not observed. Table 6 
presents mean values for Tasks I and II (calculated as in Studies l 


and 2) and correlated t tests. These within group analyses reveal 


that on the GE, R-NC Ss had more runs (CaS. 2a eae = 14, p = .01l), a 


14, p <.01), more fixations 


greater mean length of run (t = 3.53, df 
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a 3.60, df = 14, p < .01), a shorter mean length of fixation 


Ce Shee 4s yeas hi 14, p < .01) and spent a greater amount of examination 
time in tenths of seconds (t = 3.82, df = 14, p <.001). At the same 
time, R-C Ss showed a greater frequency of runs (t = 24060, GL = 14; 
p < .05) and more examination time, on the TE (t = 2.08, df = 14, 
p< .05). All other inter-element differences were nonsignificant. 
Consequently, Hypotheses 1B.1 - 1B.5 and 2B.2 - 2B.4 are supported, 
and it appears that centrative perceptual activity differentiates R-C 
and R-NC Ss, although not to the extent it did in normal Ss where as 
predicted there were also no inter-element differences on frequency 
of runs and amount of examination time. 

Exploratory analyses of perceptual activity which involved the 
Tasks by Groups bh atyaie of variance design, were made. These results 
are presented in detail in Appendix B - Study 3. In brief it appears 
that conservers in general showed more perceptual activity in terms of 
fixations on the TE and NTE, and that their perceptual activity was 
directed at the TE to a lesser extent than was the case with non- 
conservers who tended to focus their attention on the GE. These find- 
ings are supportive of the between and within group analyses discussed 
above. In addition, these results are in agreement with those 


obtained from normal Ss in Study l, although the present findings are 


not as consistent over all EM variables reported. 
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Violation Tasks. The apparent violations of conservation were attrib- 
uted to legerdemain by more R=-C than R-NC Ss (R-C = 97%, R-NC = 20%; 
z= 5.98, p < .001). "Surprise reactions" also differentiated the 
groups (R-C - 40%, R-NC = 13%; z = 2.34, p <.01). Hypotheses 3A.1 
and 3A.2 were thus supported. Therefore as in Studies 1 and 2, the 
occurrence of surprise reactions seems to reflect conservation 
violation recognition, 

The following results, summarized in Table 7, were obtained 
from within group analyses (using correlated t tests) of Task III 
centrative perceptual activity. Comparisons between elements for 
conservers revealed that these Ss had more runs (t = 3.60, df = 14, 
p <.01), a greater mean length of run (t = 2.49, df = 14, P <.05), 
more fixations (t = 3.27, df = 14, p <.01) and spent more examina- 
tion time (t = 3.46, df = 14, p < .01), on the TE. Nonconservers on 
the other hand made more runs on the TE (t = 2.30, df = 14, p < .05) 
and showed a significantly longer mean length of fixation in one 
tenth second units on the TE (t = 1.79, df = 14, p <.05). None of 
the remaining inter-element differences were significant for either 
group, although all were in the predicted direction. Hypotheses 
3B.2 and 3B.3 are thus supported. Thus for conservers, four of the 
five inter-element differences on Table 5 were significant, whereas 
only two were significant on Table 6. Increases in the TE-NTE ratio 
were observed on mean length of run and frequency of fixations on the 
part of R-C Ss, but R-NC Ss showed no such increases. This finding 
suggests that the conserver-nonconserver differences in EMR Ss are 


consistent with, but not as strong as those observed in normal Ss. 
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No intergroup differences were obtained from the analysis of 
individual psychophysiological dependent variables (see Appendix A - 
Table B). Consequently, as in Studies 1 and 2, these findings do not 
seem to reflect the recognition of conservation violations. 

Statistical data on general and inter-element perceptual 
activity during Task III are reported in Appendix B - Study 3. These 
data showed similar results to those obtained on Tasks I and II. 
Again, the data suggest that R-C Ss showed more perceptual activity 
than R-NC Ss. These findings are thus in agreement with those 
obtained from normal conservers and nonconservers. Conserver-non- 
conserver differences do not seem to be as strong in EMR Ss as they 
were in normal Ss however, in that fewer significant intergroup 
differences were obtained. Specifically it appears that although EMR 
Ss in Study 3 have similar conserver-nonconserver classifications to 
normals, their EM data may be reflecting differential cognitive 
activity. 

In summary, EMR conservers in comparison with EMR nonconservers 
showed a number of predicted differences in general and centrative 
perceptual activity on conservation tasks. Predicted intergroup 
differences were obtained in verbal and "Surprise reactions" to 
conservation violations, and in EMR conservers a predicted change in 
centrative perceptual activity and several changes in general 


perceptual activity, accompanied these reactions. 
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Discussion 


Hypotheses 1A.2, 1A.4, 1A.5, 2A.2, 2A.4, and 2A.5 and 
Hypotheses 1B.1- 1B.5 and 2B.2 = 2B.5 received strong support from 
between and within group analyses of Task I and II EM data. A series 
of distinct intergroup differences in general and centrative percep- 
tual activity thus seers to be fnaiestaas The general perceptual 
behavior of EMR conservers is considerably more active than that 
shown by EMR nonconservers. While a clear tendency to "center" more 
often and for longer periods on the element judged to be greater 
following transformation was apparent in R-NC Ss during Tasks I and 
II, this trend was observed only with respect to two dependent 
variables (frequency of runs and amount of examination time) in R-C 
Ss. Consequently it is concluded that Postulates Ia, Ib, IIa and IIb 
are tenable, although the findings are not as strong as in Study l. 

Verbal and “surprise reactions" to apparent violations of 
conservation, also differentiated the groups in the predicted direc- 
tion and provided support for Hypotheses 3A.1 and 3A.2. The inter- 
group verbal response differences were in agreement with the 
contention that the transformation outcome expectancies of R-C and 
R-NC Ss prior to the transformation completion, were very different. 
Furthermore, it Lee highly likely that the intergroup "Surprise 
reaction" differences which were cbtained, arose from the fact that 
a greater percentage of these expectancies were violated for R-C Ss. 

Support. was also obtained for Hypotheses 3B.2 Feil s Gc 1: wae age ee Bg 
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NTE ratios obtained on Tasks I and II, R-C Ss showed increases during 
Task III but R-NC Ss did not. Several changes in the R-C Ss general 
perceptual activity which were consistent with the above results, were 
also obtained (see Appendix B - Study 3). 

In short, verbal responses indicate the presence of distinct 
cognitive structural differences between R-C and R-NC Ss. Supplemen- 
tary evidence from the analyses of perceptual activity and "surprise 
reactions" during the decision period on conservation and conservation 
violation tasks, also point towards R-C and R-NC differences. Thus it 
is concluded that Postulate III is tenable. 

Study 1 (N-C and N-NC Ss) and the present study seem to have 
resulted in the documentation of a number of similar intergroup differ- 
ences, which entinat, reflect differential (conserver-nonconserver) 
levels of cognitive structural development. Similar patterns of 
conserver-nonconserver verbal response differences were obtained from 
both normal and EMR Ss. Likewise, perceptual activity and "surprise 
reactions" from normal and EMR SS clearly differentiated Gonservers 
from nonconservers. At the same time, while similar conserver-non- 
conserver perceptual activity differences were observed in normal and 
EMR Ss, they were not as strong in EMR Ss. Specifically, frequency 
of couplings, which clearly differentiated the general perceptual 
activity of normal conservers and nonconservers, and frequency of runs, 
which clearly differentiated the centrative perceptual activity of 
normal conservers and nonconservers, did not differentiate EMR 


conservers and nonconservers. Conserver-nonconserver differences in 
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EM activity during conservation violation tasks were also not equiva- 
lent in normal and EMR Ss. Whereas normal conservers showed marked 
changes in all measures of centrative perceptual activity during Task 
III, a similar change was observed on only two of these dependent 
variables with EMR conservers. 

The inconsistencies in general and centrative perceptual activ- 
ity results discussed above, may be due to a number of factors. They 
could be attributable to the fact that EMR Ss were considerably older 
than the normals, and this may have tended to reduce conserver- 
nonconserver general and centrative perceptual activity differences. 
Another possibility is that the above mentioned inconsistencies were 
reflecting an underlying normal - EMR attentional differential of 
the type postaratsd by House & Zeaman, 1963 and O'Connor & Hermelin, 
1963. Finally a possibly more interesting supposition would be that 
the cognitive structural development of the EMR Ss had not reached a 
level equivalent to that shown by normal Ss. This supposition is 
in accord with an observation made by Inhelder (1963) who suggested 
that the closure of an operational system in mentally retarded 
children is of a different type from that found in normal children, 
While these latter possibilities are consistent with much previous 
research into learning and cognition with mentally retarded Ss, they 
are nevertheless speculative and further research is clearly 


necessary to disentangle the above-noted inconsistencies. 
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Study 4: Perceptual Activity and Surprise Reactions 


in Trained EMR Nonconservers and EMR Nonconservers 
Results 


Conservation Tasks. Between group analyses of Task I and II general 
perceptual activity were undertaken using a Groups (Trained EMR non- 
conservers and EMR nonconservers) by Tasks (I & II) analysis of 
variance with repeated measures on Tasks, and the following results 
were obtained. In comparison with EMR nonconservers (R-NC), the 
trained EMR nonconservers (R-T) showed over both elements more runs 
(Mi = 2.20, M4 = 1.70; F = 4,805, df = 1/23. Dumwe O ody ore 
fixations (M,, = 11.24, Mp,, = 2.80; F= 112336 pod & @ 417/23 De Mees OL) 
and a shorter mean length of fixation in one tenth second units, 
ee 229] M = 3.732 F = 7.205, Gf.= 1/28, 05). Bot 


groups showed, over both elements on Task I, more runs (My ,=.2.25, 


Myr 1.65. F = 18,705, df = 1/28, p.m 001), more fixations 


(My 10.75, Myz = 8.693 F = 17.394, df = 1/28, p< .001) and a 
shorter mean length of fixation, (M; = 3.00, Mjy = 3.68; F = 11.901, 
df = 1/28, p < .01). All remaining analyses of general perceptual 
activity in terms of main and interaction effects were nonsignificant. 
Hypotheses 1A.2, 1A.4 and 1A.5 (which refer to R-NC Ss_ and 
Hypotheses 2A.2, 2A.4 and 2A.5 (which refer to R-T Ss) were thus 
supported, while Hypotheses 1A.1, 1A.3, 2A.1 and 2A.3 were not. 
These results suggest that there are a number of differences between 


the groups with respect to general perceptual activity. 


Within group analyses of Task I and II centrative perceptual 
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activity were undertaken using correlated t tests and the following 
results were obtained (see Table 6, page 90). R=NC Ss showed more 
runs (t = 3.14, df = 14, p< .01), a greater mean length of run 
ftheeS—e53;,cdfy=o14;ipa< (01) more, fixationsi({t = 3.6059 dfs=e14) 

p< .01), a greater mean length of fixation (t = 3.28, df = 14, 

p< .01) and a greater amount of examination time (t = 3.82, df = 

14, p < .001), on the GE, R-T Ss showed a greater mean length of 

run (t = 1.77, df = 14, p< .05), a greater mean length of fixation 

(t = 5.06, df = 14, p < .001) and spent a greater amount of examina- 
tion time (t = 1.97, df = 14, p< .05) on the TE. All other differ- 
ences were nonsignificant. Support was thus obtained for Hypotheses 
2Beii<s 1825 ,12B.docandr2B.3,ebut notoeHypothesesn2Bt 2412B.a,and 2B5i, 
Although Hypothesis 2B.1 received support in R-T Ss, no such support 
was obtained with R-C Ss in Study 3. Consequently, this result should 
be interpreted with reservations. These results indicate differential 
centrative perceptual activity in R-T and R-NC Ss. 

Exploratory analyses discussed in Appendix B - Study 4,.of EM 
data revealed that R-T Ss did not focus their perceptual activity on 
the TE to the extent shown by R-NC Ss. These findings are in partial 
agreement with the within group analyses discussed above and those 


reported for similar analyses in Study 2. 


Violation Tasks. R-T and R-NC Ss were differentiated on the basis of 
their verbal responses to conservation violation items. Whereas 73% 
of R-T Ss attributed the apparent conservation violations to 


legerdemain, only 20% of the R-NC Ss responded in this way (z = 5.41, 
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p <.001). Hypothesis 3A.1 was thus supported, A similar trend was 
obtained with "surprise reactions", A significantly greater per- 
centage of “surprise reactions" were shown by R-T Ss following the 
conservation violations (R-T = 36%, R-NC = 13%; z = 2.09, p < .025). 
Therefore Hypothesis 3A.2 was supported and as in Studies 1, 2 and 
3, the occurrence of "Surprise reactions" appears to reflect 
conservation violation recognition. 

Within group analyses of Task III centrative perceptual activ- 
ity indicated that R-NC Ss showed with respect to the TE and the NTE, 
more runs (t = 2.30, df = 14, p< .01) and a greater mean length of 
fixation (t = 1.79, df = 14, p< .05) on the TE, Whereas these 
results may not appear to be in complete agreement with those obtained 
from similar analyses of Task I and II data, they are nevertheless 
consistent with, but not as strong as those findings. Tasks I and II 
analyses for R-NC Ss resulted in significant GE-LE differences in 
favor of the GE, on all dependent variables. On Task III two of these 
differences were still significant, two were marginally significant 
and on the remaining dependent variable, the TE mean was higher than 
that of the NTE mean. None of the TE-NTE differences were significant 
for R-T Ss. These results provide no support for Hypotheses 3B.1 - 
3B.5, Since the perceptual activity of R-T Ss did not appear to 
increase on the TE as a function of the conservation violations. The 
above results are consistent with, but not as strong as those obtained 
on Study 2 with normal Ss. 

The results of analyses of Datei psychophysiological 


dependent variables failed to reveal any Significant main or 
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interaction effects (see Table B for mean values). Thus, psycho- 
physiological activity during Task III, as in Studies 1, 2 and 3, 
does not appear to be related to Task III verbal response data. 

Exploratory analyses of general perceptual activity suggested 
that R-T Ss were perceptually more active in terms of fixations than 
R=NC Ss. These results are consistent with those obtained on Tasks 
I and II, and did not seem to be a function of conservation violation 
recognition on the part of R-T Ss. 

Further analyses of perceptual activity in relation to the TE 
and the NTE revealed results which were at variance with those 
reported for normal Ss. Whereas N=-T Ss showed a tendency to increase 
perceptual activity on-the TE following the conservation violations, 
the perceptual activity of the R-T Ss showed increases on the NTE, 
thus suggesting that N-T and R-T Ss may be reflecting differential 
cognitive activity/structural development. These results seem 
consistent with those obtained in Study 3, where a similar distinc- 
tion between normal and EMR conservers was suggested by the data. 

In summary, trained EMR nonconservers in comparison with EMR 
nonconservers, showed a number of predicted differences in general 
and centrative perceptual activity on conservation tasks. Predicted 
intergroup differences in verbal responses and "Surprise reaction" 
to conservation violations, were also obtained, but predicted changes 
in centrative perceptual activity on the part of R-T Ss, were not. 
Thus while training appeared to induce a degree of cognitive struc- 
tural development, it did not seem to be as effective with these Ss 


as it had been in Study 2 with normals. 
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Discussion 


The between and within group analyses of Task I and II EM data 
clearly differentiated R-T and R-NC ‘Ss, and provided strong support 
for Hypotheses 1A.2, 1A.4, 1A.5, 2A.2, 2A.4 and 2A.5, and for 
Hypotheses 1B.1 - 1B.5 and 2B.1.and 2B.3. Specifically it was found 
that in terms of corneally reflected EMs, R-T Ss showed more general 
perceptual activity, whereas R-NC Ss “centered" more often and for 
longer periods, on the element judged to be greater following trans- 
formation, It is thus concluded that Postulates Ia, Ib and IIa are 
tenable. Postulate IIb seems tenable with trained EMR nonconservers, 
but to a somewhat lesser extent than it was with normal conservers 
and trained nonconservers. Therefore, in addition to verbal response 
data, general and centrative perceptual activity during Tasks I and 
II, appear to offer considerable support for the contention that the 
conservation acceleration procedure had successfully induced a degree 
of cognitive structural change. 

Analyses of verbal and “surprise reactions" during conservation 
violation tasks also yielded predicted intergroup differences, and 
accordingly provide support for Hypotheses 3A.1 and 3A.2. These 
results suggest that pretransformation expectancies with respect to 
the transformation outcome were very different in R-T and R-NC Ss. 
Indeed, it would appear that prior to the transformations, more R-T 
Ss than R-NC Ss had expected that quantity or length would remain 
invariant despite stimulus transformation. The fact that this trans- 


formation outcome was violated, seems likely to have led to the 
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intergroup "surprise reaction" differences which were obtained. 
Support for Hypotheses 3B.1 - 3B.5 was not obtained however. There- 
fore Postulate III was supported for verbal responses and "surprise 
reactions," but not in terms of EM data. 

At the same time, verbal and "Surprise reaction" data during 
conservation violation tasks, seems to strengthen the claim that the 
conservation acceleration procedure had been effective in inducing 
cognitive structural change in EMR nonconservers. Thus from the 
standpoint of Piaget's (1947, 1970) theoretical position, it would 
appear that the development of intelligence as evidenced by the 
acquisition of conservation, can be accelerated to a substantial 
degree, in preoperational EMR children. This result is consistent 
with that obtained by Brison & Bereiter (1967), and with the findings 
of previous studies which have examined, using traditional intel- 
ligence tests, attempts to accelerate the intellectual development of 
mentally retarded Ss (e.g., Skeels & Dye, 1939; Kirk, 1958, Spicker, 
Hodges & McCandless, 1966). 

These results may be somewhat conservative since the training 
was relatively ineffective for several of the R-T Ss. The present 
study examined the behavior of the group who received training, and 
as in Study 2 the data from’Ss who did not acquire conservation as a 
function of training may have tended to attenuate trained-untrained 
nonconserver differences. With respect to the Ss who received 
conservation training, 80% of the normals and 100% of the EMR Ss 


showed logical conservation responses on Task I (the task on which 
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they were trained), while only 47% of the normals and 57% of the EMR 
Ss showed logical conservation responses on Task II (transfer task). 
Since Task II requires actual conservation "competence" and since 
there was a considerable reduction in logical conservation responses 
from Task I to Task II in both normal and EMR Ss, it would appear 
that for a number of Ss, Task I behavior was reflecting "performance" 
rather than "competence" (Flavell & Wohlwill, 1969). If this is the 
case, research should be undertaken in which an attempt is made to 
examine the usefulness of EMs and "Surprise reactions" in only those 
Ss who show conservation "competence." 

In summary, perceptual activity during conservation tasks, and 
"Surprise reactions" during conservation violation tasks, appear to 
have yielded strong evidence, which is consistent with and therefore 
a useful supplement to verbal response data, in indicating that the 
conservation acceleration procedure had successfully induced a 
degree of cognitive structural change in EMR nonconservers who 
received the training. The results of Studies 1 and 3 indicated that 
conserver/nonconserver differences were not equivalent in normal and 
EMR Ss. Studies 2 and 4 suggest that trained-untrained nonconserver 
differences were also not equivalent in normal and EMR Ss. Moreover, 
differences between normal and EMR Ss seemed somewhat greater than 


those reported in Studies 1 and 3. 
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CHAPTER 6 
Integration, Conclusions and Implications 
‘Integration 


The results of Study 1 revealed a number of differences in 
EMs, verbal responses and "surprise reactions," between N-C and 
N-NC Ss. Table 8 summarizes the results of tests of between group 
hypotheses relating to general perceptual activity during conser- 
vation tasks. Inspection of this table with respect to Studies 1 
and 3, reveals that more conserver=nonconserver differences were 
obtained from normal than from EMR Ss. These results suggest that 
although conserver-nonconserver differences were similar in normal 
and EMR Ss, they were not as strong in EMR Ss. 

A summary of within group analyses of centrative perceptual 
activity during conservation tasks is presented in Table 9. An 
identical centration effect on the GE was apparent in both normal 
and EMR nonconservers (Hypotheses 1B.1- 1B.5). With respect te 
Hypotheses 2B.1 - 2B.5, no significant inter-element differences were 
observed in normal Ss, but significant differences were observed in 
two out of five cases with EMR conservers. These results also suggest 
that conserver-nonconserver differences are not equivalent in normal 
and EMR Ss. 

Analyses of verbal responses and “surprise reactions" during 
violation tasks, the two types of variables which seemed more crucial 


for identifying structural development, resulted in similar conserver- 
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Table 8 


Summary of Tests of Hypotheses Involving Between Group 
Comparisons of Conservation Task Performance 


Hypotheses Studies 
No Description al 2 3 4 
1 
1A. b/2Am 1 N-C Ss will show fewer couplings S S N N 


than Crone Ss 


tAGA/ZAS2 N-C Ss will show fewer runs than S Ss ) S 
CUOKeat ss 
1A. 4/2Ag3 N-C Ss will show a greater Xx S S N N 


length Of run than’ Cror Tess: 


1A. 4/2A.4 N-C Ss will show a greater X S S S S 
length of fixation than C 
Ors L-S8. 

10.5/2A¢5 N-C Ss will show more fixations S S S S 


than Clonmel ss 


S Hypothesis supported at .05 level, or beyond 


NS Hypothesis not supported at .05 level 


a: Hypotheses 2A.1 - 2A.5 are the converse of 


1A.1.-.1A.5 
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Table 9 


Summary of Tests of Hypotheses Involving Within Group 
Comparisons of Conservation Task Performance 


Hypotheses Studies 
No Description af 2 3 4 
i. 

po: SAP N=C ss will show more runs on GE cS) S 5 tS) 

1s Bors N-C Ss will show greater X length run on GE S Ss S S 

1B .3 N-C Ss will show more fixations on GE S 5 S S) 

1B.4 N-C Ss will show greater X length S S S S 
fixation on GE 

oor N-C Ss will show a greater amount of iS) S s S 
time on GE 

pal Sp ap C or T Ss will show similar frequency of S S N S 
runs on both elements 

2B.2 C or T Ss will show similar X length S) S Ss N 
run on both elements 

2S C or T Ss will show similar frequency of S S as S) 
fixations on both elements 

2B.4 C or T Ss will show similar X length S S S) N 
fixation on both elements 

26.5 C or T Ss will show similar amount of Ss 5 N N 


time on both elements 


ltests of Hypotheses 1B.1 - 1B.5 were identical in Studies 
1 and 2 and Studies 3 and 4 since the same SS were involved 


S Hypothesis supported at .05 level, or beyond 


NS Hypothesis not supported at .05 level 
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nonconserver differences in normal and EMR Ss. Specifically, 
conservers made more verbal responses attributing conservation viola- 
tions to legerdemain, and showed a greater percentage of "surprise 
reactions" during such tasks. The analyses of EM behavior on viola- 
tion tasks, revealed in terms of centrative perceptual activity, more 
conserver-nonconserver differences associated with normal than EMR 
Ss (see Table 10). Again these results suggest differences between 
conservers and nonconservers in both normal and EMR Ss, with the 
stronger results associated with normal Ss. 

In summary, the analyses of conservation task general and 
centrative perceptual activity, and of verbal responses, "surprise 
reactions" and centrative perceptual activity during violation tasks, 
showed clear conserver-nonconserver differences in both normal and 
EMR Ss. At the same time, these differences did not seem to be as 
strong in EMR Ss. The EM findings for normal Ss are in agreement with 
those reported by O'Bryan &Boersma (1970) despite the fact that the 
conservation question was asked prior to the transformation, and EM 
recording was undertaken as soon as the transformation outcome became 
observable. 

Several factors could account for the observed variations in 
normal and EMR findings. The EMR Ss were considerably older than the 
normals (see Table 1, p. 51) and since perceptual activity changes 
are to some extent related to CA development (Piaget, 1956), the 
differential CA levels may have attenuated conserver-nonconserver 


perceptual activity differences on the part of EMR Ss. Since general 
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Table 10 


Summary of Tests Involving Between and Within Group 
Comparisons of Violation Task Performance 


Hypotheses Studies 


No Description il 2 3 4 


SAc1. More C or T Ss than N-C Ss will attribute appar- 
ent conservation violations to legerdemain S| S) iS) S 


3A.2 More C or T Ss than N-C Ss will show Surprise 
reactions during TOP on conservation 
violation items S s S S 


3B.1 N-C Ss will show Similar inter-element run 
frequency ratios on Task III & Tasks I & II, 
whereas C or T Ss will show an increase during 
Task III Ss N N N 


3B.2. N-C Ss will show similar inter-element X length 
run ratios on Task III & Tasks I & II, whereas 
C or T Ss will show an increase during Task III Ss N S N 


3B.3 N-C Ss will show similar inter-element fixation 
frequency ratios on Task III & Tasks T-& II, 
whereas C or T Ss will show an increase during 
Task III — Sie thal Mir as «| 


3B.4 N-C. Ss will show similar inter-element X length 
fixation ratios on Task III & Tasks I & II, 
whereas C or T Ss will show an increase during ; 
Task IitL S) N N N 


3B.5 N-C SS will show similar inter-element amount 
of examination time ratios on Task III & Tasks 
I & II, whereas C or T Ss will show an increase 
during Task III S N S N 


Ss hypothesis supported at .05 level, or beyond 


NS hypothesis not supported at .05 level 
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and centrative perceptual activity also seem to be related to cognitive 
functioning however, it seems equally and probably more likely that the 
above-mentioned variations could indicate differential levels of 
cognitive structural development in normal and EMR Ss, even though 
both groups gave similar verbal responses. The possibility of differ- 
ential cognitive structural development on the part of normal and EMR 
Ss, has also been raised by Inhelder (1963). She has suggested that 
the EMR S does not proceed beyond the level of concrete operations, 

and that his cognitive activity reflects the acquisition of a “ceiling" 
rather than a “closure” of operational structures. An alternative, 

and equally interesting possibility, is that the EMR results may 
reflect a basic retardate attentional deficit of the type described 

by Zeaman & House (1963), O'Connor & Hermelin (1963) and Luria (1963). 
Since no formal evidence of organic impairment was obtained, the 
possibility of organicity effects can not be discounted. Quite 

clearly further research into these possibilities is necessary. 

A number of EM, verbal response and “surprise reaction" 
differences between trained and untrained normal nonconservers were 
obtained in Study 2. While the training procedure seemed to be 
effective, with similar results obtained on the above~mentioned 
variables in both normal and EMR Ss, the findings were not as strong 
as those observed for natural conservers. 

A summary of between group analyses of general perceptual 
activity during conservation tasks is presented in Table 8 (p. 106). 

It is apparent that more trained-untrained nonconserver differences 


were obtained from normal Ss (Study 2). than EMR Ss (Study 4). At the 
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same time, a comparison of Studies 1 and 2 with 3 and 4 reveals that 
the results for conservers and trained nonconservers in both normal 
and EMR Ss were identical. Consequently, it appears that in both 
normal and EMR Ss the conservation training procedure resulted in 
patterns of general perceptual activity which were very similar to 
those observed in natural conservers. 

Table 9 (p. 107) presents a summary of within group analyses 
of centrative perceptual activity. Normal and EMR nonconservers 
(Hypotheses 1B.1 - 1B.5) showed similar effects on the GE and as in 
Studies 1 and 3, normal trained nonconservers showed more nonsignifi- 
cant inter-element effects than the EMR trained nonconservers 
(Hypotheses 2B.1 - 2B.5). In addition a comparison of Studies 1 and 
2 with 3 and 4, reveals that whereas the results for N-T Ss closely 
parallel those for N-C Ss, the consistency of findings is not as 
great for R-T and R-C Ss. 

Analyses associated with violation tasks are summarized in 
Table 10. A comparison of verbal responses and "surprise reactions" 
obtained in Studies 2 and 4 reveals similar patterns of conserver- 
nonconserver differences in normal and EMR Ss. Specifically, a 
significantly greater percentage of conservers and trained non- 
conservers attributed the conservation violations to legerdemain and 
showed "surprise reactions". Analyses of EM behavior during viola- 
tion tasks in Studies 2 and 4 produced similar trained-untrained 
nonconserver differences in normal and EMR Ss. Here for als 


practical purposes, none of the hypotheses were supported. 
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Comparison of Studies 1 and 2 with 3 and 4 suggests that 
there are more conserver-nonconserver differences in both normal and 
EMR Ss. Furthermore, discrepancies between conservers and trained 
nonconservers in both normal and EMR Ss indicate that levels of 
cognitive structural development in natural conservers and trained 
nonconservers may not be equivalent. As discussed previously, the 
results of Studies 2 and 4 may be somewhat conservative, since 
approximately 50% of the trained nonconservers in both normal and 
EMR groups showed on transfer tasks, responses reflective of 
"performance" rather than "competence" (Flavell & Wohlwill, 1969). 

A logical next step would be to examine EM and "Surprise reaction" 
data in only those Ss who show conservation generalization following 


training. 
Limitations of the Present Study 


Psychological research on cognitive functioning is necessarily 
concerned with factors which at present are still "inside the black 
box" and are not directly observable. Psychophysiological research 
seems however to offer an interesting means for further investigating 
such phenomena, even though interpretation of such results in relation 
to cognitive functioning is not without its limitations or 
difficulties. 

The present investigation used corneally reflected EMs and 
found as did the study of O'Bryan & Boersma (1970) that these measures 


closely reflected conservation status in normal children. Similar 
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although not as strong findings were obtained with EMR children. The 
exact significance of EMs in cognitive functioning however, is not 
yet clear. The present research showed concomitance between certain 
pattems of verbal behavior and EM patterns. It was also observed 
that this relationship held in normal and EMR trained and untrained 
nonconservers. On the basis of Piaget's emphasis on the transition 
from centration to decentration, which he claims accompanies cogni- 
tive development, it was suspected that such differences would be 
apparent. It is realized that by centration on a stimulus, Piaget 
means more than merely looking at a particular stimulus (Piaget, 
1961). Until more is known about the processes of visual search and 
cognition, however, it would appear that attempts to detect an 
isomorphism between EMs and cognitive functioning will need to be 
postponed. 

The usage of OR components to define a "Surprise reaction" 
following the violation tasks, deviates considerably from the more 
usual experimental situation in which ORs are studied. It was for 
this reason that the term "Surprise reaction" was used throughout 
this study. At the same time, the study of ORs in such a context 
does have some precedent (Lewis & Harwitz, 1969; Charlesworth, 1969). 

The verbal (legerdemain) responses and “surprise reactions" 
also clearly differentiated conservers and nonconservers, and trained 
and untrained nonconservers, and considerable agreement between the 
two measures was apparent. The fact that several nonconservers gave 
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legerdemain responses and showed “surprise reactions" is somewhat 
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puzzling. It seems highly likely that these Ss were functioning at a 
different level from other nonconservers, and that notwithstanding 
their verbal responses on conservation tasks, they may have "acquired 
conservation". If this is the case, violation tasks may not only be 
useful supplementary data, but may also provide a new means for 
assesSing cognitive structural development. At the same time, the 
exact relationship between such psychophysiological data and 
cognitive functioning, is not completely clear. 

Since children normally acquire conservation around seven years 
of age, it may be desirable to examine EM behavior and the effective- 
ness of the present training procedure with younger children. The 
nature of the EM recording equipment used in the present study, how- 
ever necessitated the use of children of at least six years of age, 
and consequently conclusions regarding EM behavior and the effective- 
ness of training can only be generalized to similar samples. On the 
other hand, it is also likely that conserver~nonconserver differences 
would have been stronger if younger nonconservers had been used as Ss. 

The major limitation of the present study is associated with 
the analysis of data from the Ss who received training. Here for both 
normal and EMR SS the total sample per group was used to evaluate 
training effects, even though in both normal and EMR groups there were 
several Ss who did not show conservation behavior on transfer tasks. 
The suggestion was made that for these Ss, training probably resulted 
in conservation “performance” rather than “competence” (Flavell & 


Wohlwill, 1969). It seems clear that the data from these Ss could 
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have attenuated the trained-untrained nonconserver differences, and a 
logical next step would be to examine the training data for only those 
Ss who show conservation "competence" following training. 

In summary, conservation training seemed to be effective in 
both normal and EMR Ss. Consequently, from a Piagetian theoretical 
position, it appears that intellectual development in terms of conser- 
vation acquisition, can be accelerated in preoperational normal Ss 
within the six to eight years age range, and in undifferentiated EMR 
Ss within the eight to twelve years age range. Further research will 
be necessary to eStablish whether or not acceleration of conservation 
can be achieved in younger children, and whether earlier or later 


Stages of intellectual development can also be accelerated. 


Implications for Piaget's Theoretical Position 


To the extent that a clear distinction was obtained between 
conservers and nonconservers in EMs, verbal (legerdemain) responses 
and "surprise reactions", the results of Studies 1 and 3 provide 
considerable support for Piaget's (1947, 1970) distinctions between 
preoperational and operational cognitive functioning. Study 1 EM 
results were highly consistent with those obtained by O'Bryan & 
Boersma (1970) despite several methodological differences. Analyses 
of "surprise reaction" data tended to be in agreement with the EM 
findings and appeared to strengthen the evidence for differential 
cognitive structural development on the part of conservers and non- 
conservers. Thus conservation acquisition as Piaget (1947, 1970) 


has emphasized, appears to involve more than verbal response changes, 
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and since psychophysiological responses are presumably mediated by 
cortical functioning, differential cognitive activity on the part of 
conservers and nonconservers seems indicated. These results there- 
fore appear to be strongly supportive of Piaget's theoretical 
position. 

The EM and “surprise reaction" data from EMR Ss (Study 3) also 
clearly differentiated conservers and nonconservers. Intergroup 
differences were not as strong, however, as those shown by normal Ss. 
These data support Piaget's theoretical position with respect to EMR 
Ss and also support Inhelder's (1963) observation that operational 
structures in EMR and normal Ss may show differential characteristics. 
She maintains that these differences may arise because the stage of 
concrete Soeracions in normal Ss is a foundation for later development 
towards the formal operational level, whereas in EMR Ss, the achieve- 
ment of concrete operations represents a ceiling of cognitive develop- 
ment. 

Trained and untrained normal (Study 2) and EMR (Study 4) non- 
conservers showed intergroup EM and “surprise reaction" differences 
which were similar to those observed between conservers and non- 
conservers. At the same time, it was also noted that a number of Ss 
in both normal and EMR groups failed to show conservation behavior on 
transfer tasks. It was suggested that for these Ss, conservation 
training probably resulted in conservation “performance” rather than 
"competence" (Flavell & Wohlwill, 1969). Consequently the effects of 


training in terms of group means, may have been somewhat attenuated 
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by the inclusion of data from these Ss. The present findings suggest 
that intellectual development as evidenced by the acquisition of 
conservation, can be accelerated in normal and EMR preoperational Ss. 
These results are consistent with those obtained by Gelman (1969) 

with normal Ss. Since the present training procedure was not success- 
ful with all experimental Ss however, it seems likely that Ss had 
entered the study with differential levels of cognitive structural 
development. Further research is needed to determine whether or not 
the effectiveness of the training procedure used in the present study 
can be increased with respect to those Ss who appeared to show 


conservation "performance" responses. 
Implications for Mental Retardation 


A comparison of Studies 1 and 3 indicates that conserver- 
nonconserver differences in EMR Ss were similar although not as con- 
sistent as those shown by normal Ss. Inhelder (1963) argued that 
because EMR Ss do not proceed beyond the level of concrete operations, 
their structural development tends to be characterized by a different 
type of closure of operational structures. She Maintains that whereas 
the normal child's structural development is characterized by 
"closure" in that elements become integrated into a coordinated 
operational system which later undergoes further modifications leading 
eventually to the level of formal operations, the structural develop- 
ment of the EMR child reflects the attainment of a "ceiling" in 
cognitive development. The close similarity of verbal responses 


together with the inconsistencies noted in EM and "Surprise reaction" 
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data between normal and EMR Ss is also supportive of Shif's (1969) 
contention that language and thinking are differentially related in 
normal and EMR Ss. 

Normal and EMR conservation comparisons are difficult to inter- 
pret however, since they may be a function of uncontrolled factors. 
For example, there are wide differences between normal and EMR Ss with 
respect to the ages at which Piagetian stages are reached (Inhelder, 
1963; Woodward, 1963); furthermore, since the "intelligence" measure 
of most interest in conservation research is conservation status, 
neither CA nor MA matching seems a Suitable procedure. Thus although 
conservation status provides an index of intellectual development, 
albeit a dichotomous one, wide variation within the "conserver" and 
"nonconserver" groups is likely. 

If there are normal - EMR cognitive structural differences, as 
Inhelder (1963) and Shif (1969) have argued and the present findings 
suggest, a number of basic questions arise. For example, "why do such 
differences occur?", "what is the nature of such differences?", and 
"to what extent can these differences be eliminated by appropriate 
learning experiences?" 

The conservation training procedure seemed to be effective in 
accelerating conservation acquisition in the normal and EMR Ss. 
Trained and untrained EMR nonconservers showed similar differences to 
those observed between natural conservers and nonconservers. Conse- 
quently, in terms of Piaget's theoretical position, it would appear 
that intellectual development in terms of conservation acquisition, 


can be accelerated in preoperational EMR Ss. 
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Clearly, if intellectual development can be accelerated, it can 
also be depressed by unfavorable environmental factors. It thus seems 
important to determine the extent of environmental contributions to 
intellectual development in undifferentiated (non-organic) EMR chil- 
dren. McCandless, (1964) has surveyed research in this area and has 
argued that such a contribution would probably be substantial. Much 
more needs to be known about the process of intellectual development 
in both normal and EMR Ss, however, before any definitive answers are 
possible. At the same time, if environmental factors do have a 
Significant influence on the intellectual development of undiffer- 
entiated EMR Ss, as seems likely, their influence probably begins very 
early in life. Consequently, it seems equally important to examine 
the nature of the environmental experiences of EMR infants, e.g., 
mother-child and family verbal and nonverbal interactions, manipu- 
lative play activities, etc. Information from studies such as these, 
may lead to a more adequate understanding of the process of intellec- 
tual development in EMR Ss, and contribute to the development of more 


powerful means of accelerating such development. 


Implications for Education 


The extent to which the present findings may be regarded as 
having significant educational implications, must rest on the propo- 
sition that Piaget's theoretical position itself has important 
educational implications. Although intellectual development is of 
basic concern to educators, particularly those responsible for the 


education of the mentally retarded, relatively little empirical data 
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on the process is available. The work of Piaget and his collaborators 
has resulted in a theoretical and methodological framework which 
appears likely to lead to substantial increases in psychological 
understanding of intellectual development, and thus seems at least 
potentially capable of making a sizable impact on educational theory 
and practice. 

The findings of the present investigation provide considerable 
support for Piaget's theory of intelligence, and indicate that the 
acquisition of conservation (or the onset of operational thinking) can 
be accelerated in preoperational normal and EMR children. If the 
validity of Piaget's theoretical position is acceptable, it would 
appear that the intellectual development of EMR children can be accel- 
erated through perceptual/attentional training. The acceleration 
findings are thus in agreement with the results of a number of investi- 
gations which have shown increases in traditional intelligence test 
scores on the part of EMR children following special education pro- 
gram participation (Kirk, 1964). One important question which was not 
answered by the present investigation, concerns the extent to which 
the acceleration of intellectual development is possible in EMR 
children (see Bayley, 1970, for further discussion of this point). 

At the same time, the present investigation offers a research 
strategy which could lead to a more adequate answer to this question 


than has heretofore been obtained. 
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CHAPTER 7 
Summary 


The present investigation was concerned with the question of 
whether or not the intellectual development, as defined by Piaget 
(1947), of mentally retarded children can be accelerated by training. 
Previous attempts to examine this question have involved the use of 
traditional intelligence tests, which are relative measures based on 
interindividual comparisons, and the findings are difficult to inter- 
pret (Jones, 1954; Kirk, 1964; Clarke & Clarke, 1965; Reese & Lipsett, 
1970). Since investigations of this nature are probably more con- 
cerned, especially on the part of EMR children, with changes within 
a given child, Piaget's theory of intelligence which is concerned with 
intraindividual intellectual development (Elkind, 1969) seems a more 
promising approach. 

Within Piaget's (1947) theory, successful acceleration of 
conservation acquisition implies an acceleration of intellectual 
development (Piaget, 1953). The present investigation addressed 
itself to an examination of the effectiveness of a conservation 
acceleration procedure in EMR and normal Ss, 

A number of previous studies with normal Ss, and at least one 
with EMR Ss, have attempted to accelerate the acquisition of 
conservation. Despite the fact that several of these studies have 
successfully incorporated two of Piaget's (1964a) criteria for 


evaluating training (permanence and generalizability of behavioral 
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changes), attempts to use a third criterion (specification of 
cognitive structural changes) have been differentially interpreted 
and much controversy still surrounds the issue (Beilin, 1969; 

Reese & Lipsitt, 1970). Attempts to specify cognitive structural 
changes have usually involved the use of verbal responses, and since 
there is considerable disagreement among psychologists regarding the 
relationships between language and thinking (Berlyne, 1965), the 
above mentioned controversy is not surprising. Consequently, it 
seemed necessary to supplement verbal evidence of cognitive 
structural development with relevant nonverbal data. 

Considerable research evidence is available which suggests 
that eye movement patterns and "Surprise reactions" are useful non- 
verbal indices of cognitive functioning (e.g., Reese & Lipsitt, 1970; 
Charlesworth, 1969). In view of the importance of attentional 
behavior within Piaget's theoretical position (Piaget, 1936, 1947), 
these indices seemed particularly pertinent to the present investi- 
gation. Moreover, one previous study (O'Bryan & Boersma, 1970) has 
documented a variety of clear differences in terms of EM patterns 
between conservers and nonconservers. 

The present investigation thus used eye movements (EMs), 
verbal responses, and "Surprise reactions" (the simultaneous occur- 
rence of a GSR Fee increase, a cephalic blood volume increase 
and a heart-rate decrease) as indices supposedly reflective of 
cognitive structural development. It was hypothesized that differ- 
ences would be obtained between conservers and nonconservers and 


between trained and untrained nonconservers, in both normal and EMR 


sor Ds we 


to nolvssitioege) sn ania buidd s say of esqued.ss fe ; a a ww 


ay : 


patexquesai yilerstnesox2ib aged evad .{aepnedo Caxetounse is [POD 
"7 ¥* a j 


eM = 


y 
a 
re ~ . 

‘ Rh een 


tf suc reieggeaad ‘paiaizuqiue jon et yerevotstnos benoldnem. i des yo . 


odt pakbispsx eteipotodoyaq ‘proms tremeaipsedb ofdeseb ieiaod: we 


sit .(280L .arylred) pabtntds bas ensupnes meeeted eqic 


i) 


~~ 
iJ 
D rs 


tars ae : 
ol 
et | 


.£38b isdsevaon tonvole’s ij iw sasmgoleveb kage 
i 
oe 


i 
a a 
at 
% 


ovis tagoo to sonabive Isdrev tnameiggnue ot ‘yxsensoen & 


ateaeppre . rio telw aldsitavs ef sonebive ene aw | 


TOs ivteen 91s "SnBitonex seixgxve™ Has enretteg tnomevom we 
yOVGL ,dtbeqgid 2 sae ,.p.s) painol zon svitiapoo to esoibnl fs 


re 
iy 
- 


is Bi 7 
[snoitastis to eonstxogmt odd jo weiv aL. .(@eel strrowmal ine ¥ 
, (TReL abel «t9p829) nots taegq iscitexopdy e'topalg aldd tw at 
~iveavai tneagiq ess of tnenitrag eer bemeee oniat 
ead (OTCL ,smiaxsod 2 teyxa'O) ybuse siitinimiked anid at 
Bert od SHE M& %o enrxet ni ‘e990 hete?? tb xseLs to Weir at ? 
.eteviesnooaon bas hae corsoamme i 


(eM) ednemevom eye Hear: axidt noidepiveouns ei re 


-xun00 eyosnstivumte oesit) es seiaquue” ae 


?2 ase 


= . 
sesezoat anvLov boold bit besiege: & vansiivont Sti , noo AZO « ¥ sone 


t¢ wiaaaioen yiboeoqque eso tbat 26 (manson 9 
0 a8, cae: posieodsogyd ney Se x 


net tno $08 at 


123 


Ss, with respect to general and centrative perceptual activity during 
conservation tasks, and verbal legerdemain responses (i.e., 
conservation violations are attributed to legerdemain), "surprise 
reaction" frequency and perceptual activity changes, during 
conservation violation tasks. 

A series of four studies were undertaken. The conserver/ 
nonconserver dichotomy (Study 1) and the effectiveness of the 
conservation acceleration procedure (Study 2), were examined in 
normal Ss, and subsequently, in EMR Ss (Studies 3 & 4). 

On the basis of number and length conservation pretests, 90 
elementary school children (45 normal and 45 EMR) attending regular 
first and second grades and opportunity (special) classes in Edmonton 
Public Schools, ere classified as conservers (15 normal and 15 EMR) 
and nonconservers (30 normal and 30 EMR). Nonconservers were assigned 
at random to a training condition and were given,two training sessions 
at school on consecutive days. All Ss were transported to the 
University where conservation and conservation violation tasks were 
presented in movie form. During the movie presentation, verbal 
responses, EMs and "surprise reactions" were recorded, 

EMs clearly differentiated normal conservers and nonconservers 
(Study 1). During the conservation tasks, the general perceptual 
behavior of nonconservers was considerably less active than that of 
conservers, and whereas nonconservers showed a distinct tendency to 
"center" on the element perceived as greater following transformation, 


conservers did not. Conservers also gave more "Surprise reactions" 
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than nonconservers following apparent conservation violations. More- 
over the occurrence of "Surprise reactions" appeared to be a function 
of violation recognition. Similar differences in EMs and "surprise 
reactions" were observed between normal nonconservers who received 
the conservation acceleration procedure and those who did not (Study 
2), and these differences seemed to closely parallel intergroup 
verbal response differences. Verbal responses and EMs showed 

Similar patterns on both posttests and transfer tasks (Task I & Task 
II), and intergroup verbal (conservation) response differences in 
terms of Task I and II were still apparent three weeks after training. 
A clear trained-untrained nonconserver difference was also apparent 
in terms of verbal responses and "Surprise reactions" on violation 
tasks. It was thus concluded that the conservation acceleration 
procedure had been effective with normal children in terms of the 
indices of cognitive structural changes which were used. 

While clear conserver-nonconserver differences in EMs, verbal 
(legerdemain) responses and "Surprise reactions" were also obtained 
in EMR Ss (Study 3), they were not as consistently strong as those 
shown by normals. These results suggested differential cognitive 
structural development and/or attentional activity on the part of 
the EMR Ss. At the same time, EMs and "Surprise reactions" again 
seemed a useful source of supplementary data on cognitive structural 
development which could be used in evaluating conservation training. 

EMR nonconservers who received training and those who did not 


(Study 4), showed a pattern of differences which closely approximated 
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those observed in EMR conservers and nonconservers. Verbal conserva- 
tion and EM data was similar on both posttests and transfer tasks 
(Tasks I & II) and Task III verbal (legerdemain) responses and 
"Surprise reactions" differentiated the trained and untrained non- 
conservers and verbal (conservation) response differences in terms of 
Tasks I and II were still apparent three weeks after training. 
Accordingly it was concluded that training had resulted in successful 
acceleration of conservation in the EMR Ss. Consequently, from 
Piaget's (1947, 1970) theoretical standpoint, it would appear that 

in terms of EM, verbal and "Surprise reaction" indices of cognitive 
structural changes, that intellectual development can be accelerated 
in preoperational EMR Ss through perceptual/attentional training. 

In summary, the following points seem evident. Normal and EMR 
conservers and nonconservers showed differences in general and 
centrative perceptual activity during conservation tasks, and during 
violation tasks, differences in verbal (legerdemain) responses and 
"Surprise reactions". Conserver-nonconserver differences in EMR Ss 
while similar to those observed in normal Ss, were not as strong. 
Conservation training seemed effective in both normal and EMR Ss 
although trained-untrained nonconserver differences were not as strong 
as those observed between natural conservers and nonconservers. The 
wide difference in CA between the normal and the EMR Ss, and the 
possibility of differential cognitive structural development and/or 
attention behavior on the part of pene and EMR Ss were suggested to 
account for the apparent variation in the results which were obtained 


from the normal and the EMR Ss. It was also noted that the apparent 
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effects of training may have been somewhat attenuated because of the 
inclusion in the data from the training groups of several Ss who did 
not show conservation behavior on transfer tasks. The suggestion was 
made that for these Ss, training probably resulted in conservation 
"performance" rather than "competence" (Flavell & Wohlwill, 1969) 
and future research in which an examination is made of data from only 
those Ss who show conservation "competence" following training, seems 
necesary. 

The present conservation acceleration findings appeared to 
support previous studies which have shown increases in intelligence 
test scores on the part of EMR children following their participation 


in special educational programs (Kirk, 1964). 
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APPENDIX A 


Mean Dependent Variable Scores 


Key to Tables A and B 


EM Data (to 2 decimal places) 1 
2a 


b 


3a 


5a 


frequency of couplings 

frequency of runs on TE 

frequency of runs on NTE 

frequency of runs over both elements 
mean length of run on TE 

mean length of run on NTE 

mean length of run over both elements 
frequency of fixations on TE 
frequency of fixations on NTE 


frequency of fixations over both 
elements 


mean length of fixation on TE 
mean length of fixation on NTE » 


mean length of fixation over both 
elements. 


amount of examination time on TE 


amount of examination time on NTE 


Psychophysiological Data (to 3 decimal places) 
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maximum conductance change 
blood volume change (BV) 


blood volume pulse change (BVP) 
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heart rate change 
prefilm conductance level 
conductance difference 
latency to BSR onset 
latency to GSR peak 


percentage of surprise-reactions 


Performance Data (to 2 decimal places) 
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Ase 


latency to task decision 

frequency of unscorable frames 
percentage of logical conservation 
responses (laboratory) 

percentage of logical conservation 
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APPENDIX B 


Exploratory Analyses 
‘study 1 

Conservation Tasks 

The Tasks by Groups analysis of variance design used for 
analyses of general perceptual activity was used for exploratory 
between group analyses of EM data in terms of the TE and the NTE 
(see Appendix B - Study 1). The resulted indicated that conservers 
in comparison with nonconservers made more runs on the NTE (M,, = 1.02, 
ncen ort & = 5.003, dé= 1/28, p <.05), and had a shorter mean 


length of run in one tenth second units on the TE (M,, = 7.90, 


Minc-= 14.12; F 12.183, df = 1/28, p <.01), showed more fixations 
on the NTE (M,, = 5.45, Mig = 3.04; F = 16,828, tf = i728, 

p < .0001), had a shorter mean length o ffixation in one tenth second 
units on the TE (M_., = 2.85, M4, = 4.00; F = 6.558, df = 1/28, 

p © 0s)! aid spent less time (in one tenth second units) examining 
the TE (M,, 2 11.63, Min. = 16.22, F = 5.473, di = 1/28, p < joey 
The remainder of the main and interaction effects from the above 
analyses were nonsignificant. All other analyses of EM dependent 
variables failed to yield significant main or interaction effects. 


These results suggested that the perceptual activity of conservers 


and nonconservers differed in relation to the TE and the NTE. 


Violation Tasks 
Analyses of data on individual psychophysiological dependent 


variables involved a Group by Tasks (I and III) analysis of variance 


cbs 


20% bse ~~ somsiusy to iiniaien aquord Rt axasT oat i 

| yxotstoigxs yo? been asw ytivisos isusqeozeq isxenep 30 7 . ‘, 

arom sit tne HF at Yo aaas nt acab nt 20 sone’ geet eeu a 
arevisenoo ject betapibat betiueax eT. «(I youd 2. - 4 xibaeqgh soe) : ( 
,80.L = eal? a4 ent fo etus wom ebsm exevisanoznon Adtw noetzagnes ak i ag 
asom rodiode 6. Bert baw (20, > @ 8S\I = ® .£00, 2=4 10.0 = ont 
,08.N = ait eid so ating bnovet NYnes Sno mat ours 20. — ia 
200tdsxi? som Bowoda (206 > og gBO\L = 2b EBL,SE = 1 She = ot } i 
(VBONE HTRB BSE OL mT OLE = cag .2b.2 @ SoM aM ett ao 

baoose dines arto mi noivexiito dtpnel nsam 19tx0 ra 8 Sed (£000. > @ 


8O\E = Bb BERIS= F008 = QM eS. gD gr edt no eter 
prinimexs (adieu Paosee danas sao mi) guid seal tneqe bas ee 
ee { 


1 
Jems 
i 


(20, >-q BSNL = MH ETRE = a SS.0L = Cn ERLE ont mt a oe 
a 
avods ont mort efoatie nolsosxedat tn hha Ne a 
ee - 

Jnebaegsh ME to eoaylens xedto Sik .josottiapiucoa sew 


ape 
Fae ee 
-ajoetle aotioeretni x0 abem fmpots.tapte bisly of bofist ast Le u me 
J ) ie 
| ri 


Ik 


144 


with repeated measures on Tasks (see Table A for individual means). 
No significant main or interaction effects were obtained, except in 
the case of mean BVP change where a significantly greater change was 
observed for nonconservers (Me He Fn Ovi QiiMs a0. 0274 Feat 500, 

df = 1/28, p <.05) and a greater change was obtained on Task I 

(Mp = 0.14, Myy7 = -0.001; F = 5.526, df = 1/28, p < .05). Neither of 
these results seems to be a function of violation recognition since 
they are in the opposite direction to that predicted. 

Exploratory between group analyses in terms of general 
perceptual activity were undertaken using the Groups by Tasks analysis 
of variance design described for individual psychophysiological 
dependent variables. Significant interaction effects were obtained on 
the frequency of couplings (Task I: Meel sy ¢-donetpvers Os 7domiaskedii: 
Mon Bre SO, Mane = 1.77; F. = 4.206, df = 1/28, p < .05) and on mean 
length of run in one tenth second units over both elements (Task I: 
Mic = 12.41, Mung = 18:96; Task IIT: M,, = 17.02, Myy, = 17.59; 

F = 4,212, df = 1/28, p <.05). Inspection of individual means 
reveals that conservers showed a decrease in couplings and an 

increase in mean length of run over both elements on Task III, whereas 
nonconservers showed little or no changes. 

Conservers in comparison with nonconservers (summed over Tasks I 
and III) also showed more fixations (M,, = 11.63, My, = 9-00; 

F = 10.630, df = 1/28, p <.01) and a shorter mean length of fixation 
in one tenth second units, over both elements (M,, = 2.93, Ming = 3-62; 
F = 6.890, df = 1/28, p <,05). Task III in comparison with Task I 


(summed over conservers and nonconservers) revealed over both elements 
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more fixations (Myy7 = 10.95, Mr = 9.68; F = 4.909, df = 1/28, 

p < .05) and a shorter mean length of fixation on Task III 

Orr pe -2/89.,. Mr = 3,663.8 = 6.693, df =.1/28, p <.05).. The 
remaining main and interaction effects from these analyses were not 
Significant. The above analyses suggest that while the general 
perceptual activity of conservers continued to show a number of the 
characteristics which differentiated it from that of nonconservers 
on Tasks I and II, several changes occurred during Task III. 
Specifically, it appears that conservers showed less perceptual 
activity on Task III. 

Additional exploratory between group analyses of EM data using 
the Groups by Tasks analysis of variance described above revealed 
several interaction effects. Specifically, conservers in comparison 
with nonconservers showed a significantly greater increase in fre- 
quency of fixations on the TE from Task I to Task III (Task I: 

Mnc = 5.17, Mnnc = 4.97; Task II: Mnc = 8.70, Mnnc = 6.10; F = 4.206, 
df = 1/28, p < .05), a greater increase in mean length of run on the 
TE from Task I to Task III (Task I: Myc = 7.08, Mnnc = 13.11; 

Task III: Myc = 16.13, Mnnc = 14.81; F = 3.621, df = 1/28, p = .06) 
and a greater increase in amount of examination time on the TE 

(Task I: Myc = 10.85, Mpnc = 15.10; Task III: Mnc = 20.53, 

Monc = 17.90; F = 3.594, df = 1/28, p = .06). In terms of main 
effects conservers also showed more fixations on the NTE than non- 
conservers (Mnc = 4.70, Mnnc = 3.47; F = 4.203, df = 1/28, p < .05). 


A significant task effect was also observed with Task I eliciting 
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More fixations on the NTE than Task III (Myrz = 3.55, My = 4.70; 

F = 4.621, df = 1/28, p < .05). No other significant main or inter- 
action effects were obtained. These results suggest in terms of the 
TE and NTE, that the perceptual activity of conservers changed 
markedly in comparison with that of nonconservers during Task III. 
The changes noted here closely reflect those reported in Chapter 5 
for within group comparisons of Task III EM data. Both sets of 
analyses indicate that during Task III, conservers showed a 
substantial increase in perceptual activity on the TE whereas non- 


conservers did not. 
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Study 2 


Conservation Tasks 

The Groups by Tasks analysis of variance design was used for 
exploratory between group analyses of EM data in relation to the TE 
and the NTE. These analyses revealed that in comparison with N-NC 
Ss, N-T Ss made more runs on the NTE (M,; = 1.05, Myo, = 0.67; 
F = 6.519, df = 1/28, p < .05), had a shorter mean length of run in 
one tenth second units on the TE es BD Zi gM no, = 14.12) F = 7.348, 
df = 1/28, p < .05), made more fixations on the NTE (Mit = 4,99, 
Bncs 3.04; F = 9.977, df = 1/28, p < .01), showed a marginally 
shorter ees of fixation, in one tenth second units, on the TE 
Cee anne mee der obi 22. OL = 1/28, p = .06) and spent a 
marginally smaller amount of time (tenths of seconds) examining the 
PepiM easel 2.G/), Mo -= 16.223 B= 3.772, df = .1/28, p= .06). All 
other analyses of EM dependent variables, and the remaining EM 
dependent variables which were analysed, were nonsignificant. — The 
above results indicated differential perceptual activity in terms of 
the TE and the NTE, on the part of N-T and N-NC Ss. Again these 


results are highly consistent with those obtained from N-C Ss. 


Violation Tasks 

Individual psychophysiological dependent variables were 
analysed using the Groups by Tasks analysis of variance design. None 
of the main or interaction effects from these exploratory analyses 


were Significant (see Table A for specific mean values), a result 
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which is consistent with that obtained in Study 1. Thus in this study 
differences in individual psychophysiological dependent variable 
measures during TOP do not seem to be related to the acquisition of 
conservation, 

Exploratory between group analyses of general perceptual 
activity were also undertaken. These involved the use of a Groups 
(NT vs NCC) by Tasks (I & III) analysis of variance design with 
repeated measures on Tasks. A significant interaction effect was 
obtained from the analysis of mean length of fixation over both 
elements (Task I: Mnt = 2.81, Mnnc = 4.81; Task III: Mypt = 3.21, 
Mnnc = 3.15; F = 9.246, df = 1/28, p < .01). Inspection of these 
means reveals that whereas NNC Ss showed a decrease in mean length 
of fixation during Task III, an increase was observed on the part of 
NT Ss. NT Ss also showed more couplings (Mpt = 2.70, Mnnc = 1.77; 

F = 5.747, df = 1/28, p <.05) and more fixations over both elements 
(Mnt = 10.97, Manc = 9.00; F = 5.241, df = 1/28, p < .05). No other 
main or interaction effects were significant. The above results on 
Task III reveal that N-T and N-NC Ss again showed several differences 
in general perceptual activity. 

Additional exploratory analyses of EM data using the same 
Groups by Tasks analysis of variance design indicated that N-T Ss 
made more fixations irrespective of task on the NTE (Mnt = 4.80, 
Mnnc = 3.477 F = 4.755, df = 1/28, p< .05). It was also found that 
N-T and N-NC Ss had a shorter mean length of fixation on the NTE, 
during Task III (Mr= 2.68, Mrrrt = 1.99; .F = 5.325, df = 1/28, 


p < .05), thus suggesting as in Study 1 that the perceptual activity 


v mi } i ae M 
SRL on bt An 


ERR Se 08 fee “bose 1 Somtahér sane sim duednteme a 


oldeissy inebaeqet Leo kpoLetaydansoved sacle ro 
to HOLIBivpom ef of Botatex od ot mibee 46a ob | 


Isutqeoxeq Istenep to eeaylsns quord aseied | | 
aquoiD 8. to say silt bevioval saeddr. asics tls ltd iil | 
dit iw fpiaeb eomiisv to steylecs (aE % T) atest vet (20m av mm) Hf 
26w j0b3% scineaieadanadacn G@opoiitimeie & .axesT ‘me sowenen Basseaer a : 
dod xavo moktextt Bo dypned nsem to ateylenm oid moka Bomiaddo ; 
£8.86 = o48 1 ITT eat 10808 = a £4. 3! @! get st ida, 4 
eeett to wotvoaqent »(L0. > q ,@S\L-= =. XD BRR, e a a te’ * oa ah 
iiecaeit neon ni senoxoab 5 boworle ‘ee Sum asexend edd etedved aie | 
to txsq sat mo bevisedo asw eeseTont As ¢EIE : siaet pric aoissaitl te | 
ee eee OF, OS gh) Sdtiqgis cian Hille oats’ 22 “2 
attemets dtod ‘evo enoktex it exom bas (20, > q YOS\I = 3B veole 
weddo of (20. > q OR\E = MB ERLE sa ODE + ona SEE 439i 
ao adivess -oveds off sneoitinpte per atootie nottos 7 


esomexedTib Lsxovee hovors aimee 22 I~ baw TH gmaly ie 

| setease uaa 

csea oi’ tales nlasiel' x eseylens yrorsi0l¢xe & 

et ee en ren nee 
108.08 = et), IH a8 a0: ans 0, ene 

tae sateen cael ‘ie >a ieee areas 

ii ead 


149 


of N-T'Ss during Task III now tended to be directed at the area in 
which the violation occurred. All other exploratory analyses failed 


to yield significant main or interaction effects. 
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‘Study 3 


Conservation Tasks 

The Groups by Tasks analysis of variance design mentioned in 
Chapter 5 - Study 3 was also used for additional exploratory analyses 
of EM behavior in terms of the TE and NTE. Here RC Ss in comparison 
with RNC Ss showed more fixations on the TE (Myc = 6.87, Myc = 5.23; 
F = 4.812, df = 1/28, p < .05), more fixations on the NTE (Mrc = 5.14, 
Mrnc = 2.97; F = 14.532, df = 1/28, p <.001), a shorter mean length 


of fixation in one tenth second units on the TE (Myc = 2.57, 


Mrnc 3.697 F =.12.772, df 1/28, p < .01), more runs on the NTE 
(Myc = 1.00, Mync = 0.57; F = 6.519, df = 1/28, p < .05) and spent a 
larger amount of time in one tenth second units, on the NTE 

(Myc = 10.10, Mrnc = 6.20; F = 5.326, df = 1/28, p < .05). These 
results suggest that R-C and R-NC Ss showed differential patterns of 


perceptual activity in relation to the TE and the NTE. 


Violation Tasks 

Analyses were made of individual psychophysiological dependent 
variables using the Groups by Tasks analysis of variance design. No 
significant main or interaction effects resulted from these analyses 
(see Table B for specific mean values). These results are consistent 
with those obtained in Studies 1 and 2, and again differences in 
individual psychophysiological dependent variables do not seem to 
reflect conservation status. 


A Groups (R-C & R-NC) by Tasks (I & III) analysis of variance 
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with. repeated measures on Tasks, was used for exploratory analyses of 
general perceptual activity, and the following results were obtained, 
R-C Ss in comparison with R-NC ‘Ss showed more fixations over both 
elements © (M4 = 127997 °M, 6 °="9529;°F =°21.016, df)= 1/28,;-p <,.001) 
and a shorter mean length of fixation in one tenth second units, over 
both elements “(M)., = 2.98, M..,°= 3.433) F ='32.173, df = 1/28, 

p < .001). Both groups showed a shorter mean length of run over both 
elements on Task I (My = 14.42, Mpzz = 17.40; F = 5.741, df = 1/28, 

p < .05). No other significant main or interaction effects were 
obtained. The above results suggest that although two aspects of 
general perceptual activity )frequency and duration of fixations) 
continued to differentiate the groups, three others (frequency of 
couplings and frequency and duration of runs) did not. 

The following results were obtained from additional exploratory 
analyses of Task III EM data. R-C Ss showed more fixations on the TE 
(Mo c= 7.54, M4. = 5.85) F = 7.430, df = 1/28, p < .05) and more 
fixations on the NTE (M,, = 5.45, M.,, = 3.447 F = 10.615, df L/28; 
p <.01). Both groups showed shorter mean length of fixation on the 
NTE during Task III (Myyz7 = 1.86, My = 2.48; F = 7.796, df = 1/28, 
p< .01). These results seem consistent with those obtained from the 
above exploratory analyses of Task I and II EM data in that conservers 
appear to show generally more active perceptual behavior than non- 


conservers. 
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‘Study 4 


Conservation Tasks 

The Tasks by Groups analysis of variance design mentioned in 
Chapter 5 = Study 4 was also used for additional exploratory analyses 
of EM behavior in terms of the TE and NTE. These analyses indicated 
that RT Ss made more fixations on the NTE (M+ mT OLO0G Mon aes Oey 


F = 12,636, df = 1/28, p < .01) and more runs on the NTE (My. = 1.05, 


M ='0.57; F 


ore 8.234, df = 1/28, p <.01). Both groups showed more 


runs on the NTE during Task I (M; = 1.00, Myy = 0.62; F = 8.359, 

df = 1/28, p < .01), but the remaining main and interaction effects 
were nonsignificant. This Task effect was not observed in any of the 
other studies and no explanation for the finding is apparent. All 
other ox UEMRe PPL GETee failed to yield significant main or inter- 
action effects. These results suggested that the perceptual activity 


of RT and RNC Ss differed somewhat in relation to the TE and NTE. 


Violation Tasks 

The Groupsby Tasks analysis of variance design was used for 
analyses of individual psychophysiological a eee variables. No 
Significant main or interaction effects were obtained from these 
analyses (see Table B for specific mean values). These results seem 
consistent with those obtained in Studies l, 2, and 3, in that 
differences on these dependent variables during TOP did not seem to 
be related to conservation status. 


Exploratory between group analyses of general perceptual 


8 § 


al ee aplasb sonsixev 2o ateyians equexd yt adasT ed 
| | Kanon x08 boew one aa 8 ees’ & 


yeO.t aioe sm ots @o apex ston bas oe > 6 ONE 
evon boworle equoke ddod .(10.> gq .OS\l = 3B PES SE “a9 ee, | 
(aRRE 8 © T8810 © pol 00. 9 qi) F aleet padaud STH at 00 wa 
atgstie apitosretal bos nism painkemos at dud (20. >a ots i . 
eid TO hae ns hevieado ton asw sooits. vest Se ble stage be a 


ca a el paibat? edt x02 coitens ligne, ane 
pai 20 aiem topo tbingie blety of Selina eoayisns . 
yiuvidos leptqeoreq eft gat betespese exivess ‘edod? sateen 0 
“IW bm 59 ds 09 coitetox at ssrivenoe begets AB OM 


, é ae £ wa 
:  axas’ 


- <a 
x08 boty aow mpieed sonsizey Yo ateyians eae? at ey 
on -sotdeixev snabaeges Isvikpoloteydqodoyeq . a Pg 

vents mes beukesdo stew ejosits pa sa oie 
moss aaivec: oned -(aeatey saem o8tsege 30% € old $ ae fs 
4 pti is boy y 
paee te anni fee a7 > 


@3 mage 2 Yon bib Wot i 


; Sal : : . . 7 | 7 | 7) 
ci < oy ‘ti Nat 
¢ is vie ; : are 
/ ait i Lie 7 hy ur , in) : 


153 


activity, which involved a Groups (RT vs. RNC) by Tasks (I & III) 
analysis of variance, with repeated measures on Tasks, were under- 
taken. A significant interaction effect was obtained on frequency 
of fixations over both elements (Task I: My = 12.40, Mc = 9.10; 
Task III: Mt = 10.33, Meta 9 A771 he 6b SOR Of = al / 2B on <0), 
Examination of these means reveals that whereas R-T Ss showed a 
decrease in frequency of fixations during Task III, a slight 
increase was observed on the part of R-NC Ss. Though differential 
R-T/R-NC general perceptual activity in terms of fixations is 
evident here, the decrease in fixations shown by R-T Ss during Task 
III, is less than the decrease shown by these Ss on Task II. Hence 
the result does not seem to be conservation violation task specific. 
Further exploratory analyses of general perceptual activity 
indicated that R-T Ss, in comparison with R-NC Ss, made more runs 
(M_, = 2.44, hee = 1,90; F = 6.184, df = 1/28, p < .05) and showed a 


1ae 
shorter mean length of fixation (M) hehe A JP a = 3.43; F= 13.197, 


te 

af = 1/28, p < .01) over both elements. These results are comparable 
with those obtained on Task I and II analyses, in that they suggest 
in terms of fixations (over both elements) that R-T Ss are perceptually 
more active. 

The above-mentioned Groups by Tasks repeated measures analysis 
of variance design was also used for additional exploratory analyses 
of Task III perceptual activity in relation to the TE and NTE. 


Whereas R-T Ss showed an increase in mean length of fixation (in one 


tenth second units) on the NTE, R-NC Ss showed a decrease (Task I: 
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Met = 1.92, Meno = 2.803 Task III: Myt = 2.47, Mync = 1.953; F= 7.056, 
df = 1/28, p < .05). R-T'Ss. also showed more fixations (Myt = 5.15, 


Mrnc = 3.44; F = 12.719, df = 1/28, p <.01) and more runs 


(Mrt 1.17,.Mrnc = 0.73; F O52 bat = 25,5D) = . 01), ony Lie NTE. 
These results are similar to those obtained from exploratory analyses 
of Task I and II EM data, but are not in agreement with those 
reported during Task II for N-T Ss who tended to show an increase in 


perceptual activity on the TE. 
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